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FOREWORD

This memorandum presents the results of work performed by Northrop
Services, Inc. while under contracﬁ to the Aepo—Astrodynamics Laboratoronf
the Marshall Space Flight Center (NAS8-21810). This task was conducted in
response to the requiréments of Appendix E-1, Schedule Order No. 3, Technical
Directive No. 1. Technical Coordination was provided by Mr. Wayne Deaton of

the Guidance Applications Section (R-AERO-GG).
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ABSTRACT .

This memorandum presents a description of the strategy and logic used in

a space shuttle on-orbit rendezvous targeting program. The program generates

ascent targeting conditions for boost to insertion into an intermediate parking

orbit, and generates on-orbit targeting and timeline bases for each maneuver

to effect rendezvous with a space station. Time of launch is determined so
as to eliminate any plane change, and all work was performed for a near-

circular space station orbit.
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KEY WORDS

Orbiter - chaser or pursuit vehicle

Space Station - any target vehicle, satellite

Shuttle Launch Vehicle ~ booster plus orbiter configuration

Intermediate Orbit - a phasing orbit for the orbiter on-orbit used to alleviate
large phasing differences between vehicles. (= 100 n mi Parking orbit for this
analysis)

Constant Delta Height (CDH) - a height differential existing between the
orbiter and the space station (an orbit approximately 10 n mi below or above
the space station). Same as coelliptic orbit.

Transfer Phase Initiation (TPI) - A point on the CDH orbit when gross rendez~
vous conditions have been met in order to make the final transfer to the
rendezvous point. :

On-Orbit - the pursuit vehicle after insertion and before rendezvous during
all of its intermediate phasing orbits. '
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SYMBOLS

Wedge angle between planes at TPI
Range angle difference at TPI after isolation

Nodal difference at TPI
Lift-off time correction to compensate for nodal regression

First pass Range angle difference using first guess two-body
targeting

Space fixed launch coordinétevsystem
Launch aximuth

Geodetic latitude of launch site (28.608°)
Sun vector right ascension

Sun vector declination

Universal Time measured from midnight Greenwich to launch meridian

longitude of launch site

difference in range angles of orbiter and space station at time
of orbiter insertion o

insertion latitude, a function of inclination of the space station

desired inclination for targeting purposes
Semi-latus rectum of CDH orbit
eccentricity of CDH orbit

earths rotational velocity

[

Semi-latus rectum of orbiter on-orbit during Hohmann transfer
eccentricity of orbiter on-orbit during Hohmann transfer

Universal time of lift-off

Range angle

true énomaly

argument of perigee

vii
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SYMBOLS (Continued)

Semi~major axis

eccentricity

desired insertion latitude for sdutherly launch
desired insertion latitude for northerly launch
Range angle at the desired latitude

State vector posirion and velocity of orbiter

State vector position and velocity ofvspace station
Time of orbit insertion

instantaneous angle from the suns prOJection vector on orbital
plane to the TPI point

same as above but is the desired input value

- Unit vector in the equatorial plane and through the launch

longitude

descending node of space station referenced from space- flxed
shuttle launch meridian in the equatorial plane .

descending node of the orbiter referenced from space—fixed shuttle

- launch meridian in the equatorial plane

desired range angle difference between vehicles at TPI
difference between actual and desired range angle difference, this
value to be driven < .05 in the isolation logic

Range angle of space station measured from the descending node
w.r.t. equatorial plane :

Range angle of orbiter measured from descendlng node w.r.t.
equatorial plane

Range angle of the space station measured from the common.

.(ascending) node of the space station and the orbiter planes

Range angle of the orbiter measured from the common (ascending)
node of the space station-and the orbiter planes

difference in the range angles of the space station and the
orbiter

viii
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SYMBOLS (Concluded)
WATP Wedge angle between the space station and the orbiters plane
WATOL Tolerance to select which A¢ to use (for example, WATOL < .1 ::

Bb = ¢y = bp OF Db = byn = by

TSTI Time of Circularization
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Section |
INTRODUCTION

This memorandum is primarily an equation defining docunent containing.
the basic targeting equations in flowchart form to create targeting conditions
at lift-off for the shuttle launch vehicle. This alao includes the method'of
determining the on-orbit timeline of thursting events* during orbital maneu-

vers and also determines the Universal Time of lift-off.

The basic mission profile considered for this targeting procedure includes
boost to insertion and three impulsive maneuvers, as listed below, to establish
a constant delta height position (Figure 1-1).

e Insertion (50 x 100 n mi)

e Circularization at apngee (100 'n mi)

e Perigee impulse (= lOO_x'265 n mi)

e Coelliptic impuise (z 260 n mi)

The launch azimuth (AZ), inclination (i) and node (6N) for the lannch
phase are generated to achieve orbiter/satellite rendezvous. These are
generated in such a manner as to achieve orbiter/satellite rendezvous with
coplanar conditions near rendezvous and with the proper phase and coelliptic

height differential at TPI.

The given task assignment was to build a space shuttle’on—orbit rendez-
vous targeting computer program that would depend only npon a target satellite
ephemeris and the initial in-plane orbital conditions of the space shuttle
(50 x 100 n mi). The computer program was to establish lift-off time for the
space shuttle so as to require no plane change in the ascent portion of flight,
or on-orbit portion of the rendezvous mission. The compnter program estab-

lishes a timeline of the thrusting events and guidance targeting requirements.

*This targeting procedure is developed with impulsive maneuver simulations.
Using these targeting values on-orbit will result in ignition time deviations
for each manewver. This could be alleviated by simulating finite burns with
' the targeting deck itself.

1-1
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—-&— - -—(RBITER ON-ORBIT

Figure 1-1. COPLANAR PROFILE DEPICTING TIME BASES
FOR NEAR-CIRCULAR RENDEZVOUS
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Care was to be taken to minimize the number of instructions and storage
requirements of the program so that it would be possible to have an on-board
shuttle rendezvous capability. The Coordinators flowcharts were to be used,

and deviations were to be made whenever necessary and storage instruction

could be reduced.
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Section n
DISCUSSION

The shuttle, being a performance critical vehicle, should be targeted to
a zero plane change, on-time ascent to orbit (50 x lOO n mi) flight profile
(as well as to basic satellite delivery'miésions). The shuttle should not be
burdened with a requirement for a rendezﬁous launch window since this would
degrade the payload delivery capability. The procedure presented here will
allow launches to be achieved at each in-plane point. One in—plane point will
occur for a northerly launch opportunity and the other for a southerly.launch
opportunity. These éOnditions occur twice per'day, 365 days/year. These two
launch opportunities that occur each day are only restricted if the.launch
site is too close to the in-plane point to allow pre-flight analysis'td be
performed before the launch. With more restrictive launch vehicles (short
systems liftimes), the correct in-phase and in-plane condition (rendezvous
~compatible) has to exist to achieve a rendezvous; but, this is not a require-
ment for the targeting technique presented in thié memorandum. An intermediate
near—-circular phasing orbit at the apogee of the shuttle launch vehicle
50 x 100 n mi insertion orbit will eliminate the space station in¥phase
requirement at orbital insertion. (If the relative catch-up rate between the
100 n mi intermediate phasing orbit and the space station is not sufficient
to null out phase differences, the use of an intermediate stay orbit at a
higher altitude will be necessary.) An intermediate phasing orbit exists so
that phase angle differences betweén the twd vehicles can be eliminated by

exploiting the difference in their respective orbital periods.

Other advantages of this targeting technique include:

e Launch vehicle performance variations will merely change the range
' correction of the terminal rendezvous maneuvers without causing
unacceptable performance losses.

e Eliminates high closing rates of the orbiter w.r.t. the space
station, which might be encountered when using direct rendezvous
techniques and their resulting performance losses.

2-1
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@ This technique allows launch opportunities to occur on a daily basis
without degrading the payload delivery capabilities. This is important,
for example, when considering the shuttle launch vehicle configuration
which requires many launches each year for economical reasons.

@ If count-down is delayed the next opportunity can be utilized.

The targeting program generates complete targeting based upon space
station ephemeris data. This is accomplished by assuming that the Manned
Space Flight Tracking Network (MSFN) has made available the epoch (Universal)
time when the launch site will be contained in the space station plane, based
upon spherical trigonometry and also the ephemeris at this time. The orbital
elements (node, inclination, eccentricty, etc.) describing the position of

the space station at the in-plane time (U.T.) are presented in Section V.

The periodic perturbations of the space stations' inclination were
determined and accounted for in the targeting procedure by using a rapid
integration algorithm to advance the space station to the insertion latitude
of the shuttle (at present a variable step size Runge Kutta numerical

integration scheme is utilized).

The effects of orbital nodal regression are corrected by adjusting the
shuttle launch vehicle lift-off time while maintaining the same ascent
targeting parameters. The amount of nodal regression depends on the transfer
orbits necessary to satisfy phasing requirements, navigation update require-

ments and lighting requirements.

The ascent trajectory was programmed as a functional representation
of an ascent profile. This is presently a sixth order curve fit polynomial
as shown in the flowchart on page D-6. Future work in this area includes
curve fit techniques using exponential curves and other types of fits which

will improve curve-fit accuracy and reduce empherical curve-fit coefficients.

2-2
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Section 11l
RENDEZVOUS TARGETING TECHNIQUES .

The procedures for effecting rendezvous inclﬁdes integratidn of the
space station to the insertion latitude (y) to determine the desired inclina-
tion (ID) fof the orbiter insertion. This causes the orbiter to have the
same.mean inclination as the space station at insertion. This procedure is
necessary to account for periodic variations in thevinciination'of'the
space station orbit about the oblate earth. The vafiation of inclination
versus time from insertion and time after circulérization-for both vehicles
is presented in Figures 3-1 and 3-2. These figures depict variations with
approximately the same mean inclination. Similar results, at a point on-
orbit after the apsidal rotation maneuver where the orbiter is phasing 10 n mi
below the .space station, are presented in Figure 3-3. As can be observed at
this point, the variations in inclinations are almost in-phase and thus nearly
synchronized. This is desirable for rendezvous targeting to alleviate unneé-

essary plane change during coelliptic coast.

The desired inclination (ID) fpr targeting purposes dictates the ascent
targeting parameters for the shuttle booster/orbiter launch configuratién. As
shown on page D-6 of the flowchart the insertion conditions for the southerly
and northerly launches are a function of the desired inclination. The launch
azimuth, descending node, insertion time, and range angle are presently least

square curve fit functions of the desired inclination (ID).

A quick-look two-body analysis of the on—orbit phasing is éxecuted after
orbit insertion. Many of the two-body parameters (page D-8) are used for the

initialization of the 1solat10n technique for its "first guess"

- The time bases for each on-orbit maneuver are given in Table 3-1. These
time bases occur approximately 200 seconds prior to the actual maneuver. .The
actual times will be presented in Section IV. This timeline includes the

insertion time, the time of circularization, time of perigee burn out of the
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100 n mi intermediate orbit, time of coeliiptic_maneuver, and the time of

Transfer Phase Initiation (TPI).

Table 3-1. TIME BASES FOR PREPARATION OF MANEUVERS

SYMBOL | DEFINITION UNIT
T Insertion time of orbiter _ sec
TTEST 1 Preparafion for the circularization

maneuver begins at this time :
(approximately 200 seconds before apogee
of initial insertion orb1t of the

orbiter) : . sec
TTEST 2 Preparation for perigee maneuver out of

the near-circular phasing orbit begins

at this time ‘ _ sec
TTEST 3 Preparation for the coe111pt1c maneuver

begins at this t1me sec
TSBST ’ Time for the transfer phase 1n1t1at1on _

(TP1) ' sec

The mission time of insertion and time of circularization will not be
changed during the isolation loop.:- This is a constraint which must be met

to maintain the same ascent targeting parameters.

The time of perigee burn out of the 100 n mi intermediate orbit is a
variable and depends on the desired value of the phase angle difference (A¢D)
at TPI. It also depends on the oblate earth effects on the "first guess" |

‘two-body timing.

The effects of orbital nodal regression are corrected by~édjusting the
shuttle lift-off time. Once the desired phase angle (A¢D) at TPI.is isolated,
‘then the existing nodal errcr is mapped into a Universal Time correction at

lift-off. This is demonstrated on page D-18 of the flowchart.

3-5
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The manner in which the sun's declination and right ascension are
evaluated is illustrated in Figure 3-4, and the suns position in the launch
coordinate system is depicted in Figure 3-5. Knowledge of the suns position

is necessary in the targeting procedures when proper lighting is considered.

A general flowchart of the rendezvous targeting technique is presented in
Figure 3-6. Detailed flow of this targeting procedure is included on pages

D-2 through D-20.

A typical mission profile is illustrated in Figure 1-1. The orbiter is
inserted into a 50 x 100 n mi orbit. A coast to apogee occurs where an
apogee burn is made to circularize into the 100 n mi circular orbit (TEST1).
After circularization a coast of at least a half-orbit is necessary (and is
handled by the scale factor input SFNOl). A value of SFNO1=0.5 insures at
least a half-orbit before the perigee burn onto a Hohmann transfer at time
TTEST2. This scale factor can be initialized to any desired value. More
stay time would be desired if phasing or lighting constraint is to be satis-
fied. The purpose of extra stay time would be to insure time needed for real
time preparations. The scale factor for the Hohmann phasing (SFNO2) and the
coelliptic phasing, 10 n mi below or above target, (SFNO3) will insure extra
stay time in all phasing orbits until rendezvous is accomplished. This extra
stay time will enforce adequate time for crew and orbiter check-out, orbit
evaluation and system checkout, propulsion checkout, tracking acquisition, and
navigation up-date. Any realistic targeting technique has to provide this

extra controlled stay time for real time targeting.

After the perigee maneuver at time base TTEST2, a coast of approximately
a half an orbit brings the vehicle to an intersection with the coelliptic
orbit. The derivation of the equations for determining the intersection. of
the near-Hohmann transfer with the Constant Delta Height (CDH) orbit at time
base TTEST3 is presented in Appendix A. The equations necessary for deter-

mining the desired values for the differential height are included in Appendix

3-6
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B. These equations have been presented in a earlier publication (ref; L,

but in a different manner.

A pictorial illustration of the position of the orbiter and space station
at insertion (TN + Tl) and at lift-off (TN) for the tracking network is given
in Figure 3-7. The A¢ angle represents the range angle difference between the
space station and the orbiter at insertion time Tl' It is reasoned that the
tracking network will supply the ephemeris of the target when it is in-plane
at U.T. of TN or'TS, and not the ebhemeris that the target vehicle has at any
acquisition time T. The ephemeris will be used to determine the time devia-
fion (ATLO) for lift-off from this infplane time (TN) which will result in
coplanar on-orbit phasing near the rendezvous point. It is not a necessary
criterion, as stated earlier, that this be a rendezvous compatible orbit, so

any A¢ relation may exist at lift-off/insertion and rendezvous can be

~accomplished through proper on-orbit phasing.

1. Wessel, V. W., Bentley, E. L., and Sport, R. H., "Guidance Equations for
AAP-4 S-IVB/LM-ATM Unmanned Rendezvous", Northrop-Huntsville Technical
Report TR-795-9-531, April 1969.

3-11
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" Section IV
RESULTS AND CONCLUSIONS

The rendezvous targeting program was developed to generate targeting
conditions for the shuttle launch vehicle at launch. The desired inclination
(ID) and launch azimuth (AZ) at lift-off can be determingd to aéhigye rendez-
vous with near-circular target satellites at various inclinations and various
altitudes. Also, the time of launch (Universal Time, U.T.) and the tiﬁeline
bases from lift-off have been determined for the orbital maneuver to accomplish

rendezvous.

Verification of the targeting schéme included a total of 30 cases being
run with varying phase relationships of the spadé station (0 < Ad < 2m) at the
time of orbiter insertion (Figure 4-1). Included were cases with lighting
constraints, northerly and southerly launch opportunities, and different phase

relationships at transfer phase initiation.

Several cases were run for a northerly launch, without a lighting con-
straint. The phase relation of the orbiter at. TPI is below and;behind the
space station by a 10 n mi height differential (the orbiter lags the space
station by a desired A¢ = -0.29 degree). Isolated phase angles at TPI of 0.29,
0.32, 0.28, and 0.24 degree were obtained (as shown in Table 4-1), which are
all within the desired tolerance of 0.05 degree. Also, the inplane conditions
at TPI are within acceptable limits as can be observed from the values of Ai
and A¢N.' These inplane conditions could be improved, if desired, by decreasing
the tolerance (of 0.02 degree) on pages D-18 through D-20 of the flowchart.
Also, the timeline for the on¥orbit maneuvers is listed in Table 4-1 for dif-
ferent range angles of the space station at the time of orbiter insertion
(255, 345, 75, and 165 degrees). The édjustment required in the lift-off
time is listed as AT, ., with the-negative values representing launch before

LO
the spherical in-plane point.

Similar results for a southerly'launch with a lighting constraint are

presented in Table 4-2. The desired sun angle input was 110.0 degrees.

4-1
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Table 4-1. LIFT-OFF TIME CORRECTION FOR NEAR-CIRCULAR TARGET ORBITS

 FOR NORTHERLY LAUNCH WITH NO LIGHTING CONSTRAINT

TRUE ANOMALY 45° 135° 255° 315°
ABOVE RANGE .
AND ' ANGLE 255° 345° 75° 165°

AHEAD

Insertion 0 hr. 6 m. 0 hr. 6 m. 0 hr. 6 m. 0 hr. 6m
11 s. 11 s. 11 s. 11 s.

Circularization 0O hr. 48 m. 0 hr. 48 m. 0 hr. 48 m. 0 hr. 48 n.
27 s. 27 s. ' 27 s. 27 s.

Perigee 1 hr. 26 m. 7 hr. 14 m. 12 hr. 23 m. 18 hr. 36 m.

7 s. 41 s. 5s. 11 s,
Constant Delta Height 2 hr. 14 m. 8 hr. 4 m, 13 hr. 13 m. 19 hrs. 27 m.
' 33 s. 42 s. 17 s, 3s. :

Transfer. Phase Initiation|5 hr. 48 m. 11 hr. 10 m. 16 hr. 37 m. 21 hr. 58 m.
19 s. 59 s. 46 s. 17 s.

“Sun Angle (deg) CN. A N. A. N, AL N. A,

si (deg) 5.3x10°% | 1.1 x 1072 " 6.9 x 1077 4.4 x 107%

A% (deq) 0.29 0.32 0.28 0.24

20y, (deg) 4.0 x 1074 | 213 x 1072 -2.8 x 1074 4.6 x 1074

2T, o (sec) -284.7 -226.4 -199.06 -143.6

borp (deg) -.81 -2.21 -4.43 ' 5.94

SFNO3 (unitless) 1.5 1.5 1.5 1.5
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Table 4-2.

M-1082

LIFT-OFF TIME CORRECTION FOR NEAR-CIRCULAR TARGET ORBITS

FOR SOUTHERLY LAUNCH WITH LIGHTING CONSTRAINT

TRUE ANOMALY 45° 135° 225° 315°
ABOVE RANGE ‘
AND ANGLE 255° 345° 75° 165°
AHEAD
Insertion 0 hr. 6 m. 0 hr., 6 m. 0 hr. 6 m. O hr. 6m
11 s. 1M s. 11 s. 11 s.
Circularization 0 hr. 50 m. 0 hr. 60 m. 0 hr. 50 m. 0 hr. 50 m.
48 s, 4 48 s, .48 s, 48 s,
Perigee 18 hr. 27 m. } 2 hr. 39 m. 7 hr. 51 m, 13 hr. 30 m.
36 s. 29 s. - 52 s. 17 s.
Constant Delta Height 19 hr. 16 m. | 3 hr. 30 m. 8 hr. 42 m. 14 hr. 19 m.
59 s. 3s. 23 s. 59 s.
Transfer Phase Initiation|26 hr. 22 m. | 8 hr. 37 m. 14 hr. 33 m. 18 hr. 50 m.
50 s. 27 s. 22 s. 34 s. '
Sun Angle (deg) 109.91 109.88 109.92 109.84
A (deg) 8.17 x 1074 | 2.8 x 1073 7.9 x 1073 1.27 x 1073
r¢ (deg) -.332 -.256 -.317 -.278
29y (deg) 2187 x 1074 | -2.53 x 107 -9.3 x 1073 5.2 x 107%
ATLO (sec) 319.65 190.1 235.9 275.42
boqg (deg) 35.5 13.36 22.7 . 16.11
SFNO3 (unitless) 4.0 3.0 3.5 2.5
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The results presented in Tables 4-1 and 4-2 are for effécﬁing rendezvous
with the baseline target in a 270 n mi orbit with an approximate 55 degree
inclination. Rendezvous targeting was accomplished in all cases considered,

with a time constraint of approximately 24 hours to the TPI point.

It should be noted that rendezvous with satellites at altitudes other
than 270 will result in violation of a 24 hour time constraint, but targeting
~is still possible. This violation will most likely happen when the target
‘satellite has a lower altitude and thus additional phasing in the 100 n mi
phasing orbit will be required to alleviate large phase differences which may

exist.

The executed listing presented as an example in Appendix C giﬁés the
eccentricity vector e, angular momentum (h) and delta velocity required
(ZV&).at each maneuver time to effect each burn. These on-orbit targeting
conditions at each maneuver time can be used as inputé for any guidance

package to simulate that particular orbital maneuver.

Results to date show that the present rendezvous targeting deck will
establish lift-off time and on-orbit targeting parameters to effect gross

rendezvous at TPI.
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51 INPUT

SectionV

PROGRAM INPUTS AND OUTPUTS

M-1082.

The rendezvous targeting deck was programmed in Fortran IV lanéuage for:

use on the CDC-3200 computer.

Inputs to the program are described in the

following text, and are listed in Table 5-1.

Table 5-1. 'INPUTS FOR NEAR-CIRCULAR RENDEZVOUS

FORTRAN
MATH ALFA-NUMERIC DEFINITION OF SYMBOL;
| SYMBOL NAME SCALE FACTOR, FLAG, VARIABLE, ETC. UNITS
ISURF ISURF =1, Boost cut-off surface | .
=0, Steady state trajéctory comp. [Unitless
(see page D-6 of flowchart) :
ILIG ILIG =], Lighting constraint considered o
: =0, No lighting considered Unitless
(see page D-10 of flowchart) ,
AghAg A(7) Polynomial coefficients as a function {Deg
' of inclination to determine latitude
of insertion for northerly launch.
BB B(7) (Same as above for southerly launch). |Deg
Co*Ce c(7) Polynomial coefficients as a function
of inclination to determine azimuth Deg
of insertion for northerly launch.
Dy>Dg D(7) (Same as above for northerly node). |Deg
 EgEg E(7) (Same as above for northerly
time-of-insertion). | Deg
FO+F6 F(7) Polynomial coefficients as a function
of inclination to determine azimuth Deg
of insertion for southerly launch. :
GG G(7) (Same as above for southerly node) Deg
Ho~Hg H(7) (Same as above for southerly.
time-of-insertion). Deg
Q0% Q(7) Range angle of insertion (northerly). |Deg
SO+SG S(7) Range angle of insertion (southerly). |Deg
T The universal time ephemeris data
received from tracking station. | Sec

5-1
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Table 5-1. INPUTS FOR NEAR-CIRCULAR RENDEZVOUS (Continued)

FORTRAN
MATH ALFA-NUMERIC DEFINITION OF SYMBOL; : '
SYMBOL NAME SCALE FACTOR, FLAG, VARIABLE, ETC. UNITS
TN TN The universal time of the in-plane :
opportunity for northerly Tlaunch. Sec
TS TS The universal time of the in-plane
opportunity for southerly launch Sec
TTOL TTOL Maximum time necessary to perform
pre-flight analysis using this Sec
targeting deck.
HAP HAP Altitude of apogee of orbiter
insertion ellipse ‘ N MI
HPER HPER Altitude of perigee of orbiter
insertion. N MI
AN AN Semi-major axis of space station :
received from tracking network for M
northerly opportunity (TN).
ey EN Eccentricity of space station received
from tracking network for northerly Unitless
opportunity ?TN). _
iN XENCN Inclination of space station received
: from tracking network for northerly Deg
' opportunity %TN)'
OnN TNNN Descending node for northerly launch
(TN). Deg
%N ALFAN Argument of perigee for northerly
launch (measured from descending node {Deg
opposite direction of flight). '
o PNIN True anomally of space station for
northerly launch. Deg
AS AS Semi-major axis for southerly launch. {M
eq ES Eccentricity for southerly launch Unitless
iS XENCS Inclination for southerly launch. Deg
Ons THNS Node for southerly launch. Deg
a ALFAS Argument of perigee for southerly
PLS
launch. Deg
o PHIS True anomally for southerly Tlaunch. Deg
oL PHI Geodetic latitude of launch site
measured from equatorial plane. Deg
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Table 5-1.

M-1082

INPUTS FOR NEAR—CIRCULAR.RENDEZVOUS (Concluded)

MATH
- SYMBOL

FORTRAN

. ALFA-NUMERIC

" NAME

DEFINITION OF SYMBOL

. SCALE FACTOR, FLAG, VARIABLE ETC.

UNITS

Psvp

a, b, ¢

€1oL

AH
AH

SFNOT

| SFNO2
SFNO3

SLM

XLAMAL

BSVD

A1, B1, CI

TOLE

- TY

DLHD

- DLHB

SFNO1

SFNO2

SFNO3

SLM" -

to be linear.

Longitude of launch site measured

~negative west of prime meridian.

Desired sun angle, measured from
sun projection on space-station
plane in direction of flight to TPI.

Coefficients for calculation of the
declination angle of the sun W.R.T.
in the equatorial plane. (see page

- D-10 of the flowchart)

When the space station gets within
this tolerance, a simplified logic
for the space station in a circular
orbit will be inacted (eccentricity
tolerance).

Number of days past January 1 of
launch year.

The desired differential he1ght for-
the orbiter: > 0 :: CHD below target;
<0 :: CDH above target.

A bias used to insure that the trans-
fer orbit will intersect the C.D.H..
orbit.

Scale factor for the initial orbiter
insertion orbit. (Generally = .5)

Transfer orbit scale factor for inter-
mediate phasing orbit (SFNO2 = .5 for
second orbital intersection).

Scale factor for phasin time-in.the
coe}]iptic C.D.H orbit ?norma]]y =
1.5).

Slope of the a¢ = f(AH) curve assumed

Deg

Unitless

Unitless

‘| pays

Deg

N M
N MI

Unitless

Unit]ess

Unitless

Unitless

The firsf input card contains two fixed point options with a 212 format.

Presently the first option ISURF is flaged as 1.

This designates that a

sixth order polynomial curve fit will be utilized for describing the Shuttles

insertion surface (Figure 3-3).

A future mode may be programmed to

5-3
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a steady state trajectory. When this mode ié.deﬁeloped the user would read
ISURF=0. The second option ILIG is for the lighting constraint. If ILIG=1,
lighting is considered and future inputsvwill_include BSVD’ a, b, c, TY as
described in the input nomenclature.

The format for the remaining inputs is 6E13.8. A0 through 86 contain
the coefficients -for the curve fit surface of the orbiters cut-off. These

are contained on the next 20 cards.

Input on card 22 are the universal times from the tracking station,
along with the radius of apogee and perigee of the orbiter insertion orbit.
Card 23 provides input for the ephemeris for the space station at the time
(U.T.) the launch site is in-plane with the space station fof a northerly
launch opportunity. Similar values for the southerly launch opportunity are

input on card 24. The latitude of the launch site ¢L, longitude X desired

L!

sun angle B , and coefficients for calculation of the suns declination

Al, Bl, Cl1 izz input on card 25. Cards 26 and 27 will be changed by the user
as different mission profiles are desired. These cards contain the desired
differential height (AH) for the final phasing orbit (coélliptic) before TPI.
The desired phase angle (4¢) at TPI is determined as a. function of AH and is

presently read in as a linear function with a slope SLM.

Three flags are input which represent whole or fractional stay time
periods in each of the orbiters phasing orbits. SFNOl and SFNO2 will be input
and will stay fixed. SFNO3 can and will be "bumped" if the isolation results
in orbit coast periods in the coelliptic orbit is less than SFNO3 times the
orbital period.. Thét is, when the stay time in final coelliptic orbit between
the constant delta'height maneuver and the TPI maneuver is less than SFNO3
orbits (Note Page D-14 of the flowcharts), then SFNO3 will be bumpéd by .5

and reinitialized.
A list of sample input datéﬂiévpfééé;té&'iﬁ Table 5-2. It should be

noted that only two coefficients are listed for each surface or polynomial

curve fit variable.

5-4
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5.2 OUTPUT . _

The sample output (executed listing) presented in Appendix C is for a
northerly launch opportunity with lighting coﬁsidered. The first two pages
yield the input values from the tracking station and the "first guess" two-
body analysis of the total mission. The last variable printed on the second
page, DVIT, gives the delta velocity budget requirement for all on-orbit

maneuvers; but, does not include the values for TPI and TPF.

The listing has comment cards throughout, describing each maneuver, and
gives on-orbit targeting requirements (E,E,Z;). Both Universal Time and
mission time from lift-off for each maneuver is located at the top of the

page, along with the state variables of the orbiter and space station.

The last two pages present the final isolated values at the TPI point; for
example, sun angle, A¢, Ai, ABN, and, also, the state vector of the space
station in the updated coordinate system at the time of lift-off and orbit
insertion. The very last print statement yields the updated time-of-launch.

5-6
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| Appendix A
INTERSECTION OF NEAR-HOHMANNTRANSFER WITH CDH ORBAIT

.A maneuver at the second orbital intefsection of the transfer eclipse
with the CDH orbit will place the orbitef.coelliptic with the space station.
Thus, a method had to be determined to compute the true anomaly of the orbiter
at the desired second orbital intersection. A solution to this problem is
possible if the two-body poiar equations for position of each orbit are
equated and then solved for the true anomaly of the intersection. The deriva-

tion for determining the intersection point follows.

. Considering the equation

where aT.is the afgument of perigee of the space station orbit and ap is the

argument of perigee of the orbiter orbit, then

GS = OP + Ao

where 8, is the true anomaly of the CDH orbit and 6_ is the true anomaly of

S P

the orbiter at the intersection point. '
Then, equating the position equations,
Py _ Pg

1+ ep cos GP 1+ ey cos (6P+Aa)
or,

PP + eq PP cos(eP + Aa) = PS + ep PS cos GP.
and

eq PP cos(QP + Aoa) - ep PS cos GP = PS - PP
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Making use of the trigometric identity'of the cosine of the sum of two angles,

eS PP{cos GP cos Aa - sin GP sin Ao} - eP PS cos GP = PS - PP

Factoring out cos 6

P:

sin SP(—eS PP sin Aa) + cos GP (eS PP cos Aa - ep PS) =P -P

S P

Now let

B = —eg PP sin Aa

A= eg PP cos Aa - ep PS

P =P, - P,
then;

B sin 6, + A cos eP = Po

A cos SP'= P - 8 sin 6,

A2 c052 eP =IPO2 - 2Po B sin eP + 82 sin2 GP

cos2 GP =1 - sin2 GP

A2(¥ -.sinz'eP) = Po2 - 2POB sin BP + Bz sin2 GP

2® = 4% sin? 6p = POZ - 2P 8 sin 6, + 82 sin’ 0p
and

(—BZ—AZ) sin2 p + 2POB sin b, + A2 - P0 =0
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In order to sove this quadratic, let

A= -g% - a”
B = 2P 8
(o]
c=2a2-p7
o

and the equation is solved by

-B + /B - 4ac
sin 6 =

P , 2A

This equation is derived as a sine function instead of a cosine function
as in reference 1. The sine function is positive in the.second quadrant and
negative in the third quadrant. The solution that is negative should be
selected and placed in the third quadrant (since the transfer is a near-
Hohmann). This will always select the ‘second orbitél intersection, that is,

. ~ -1
select sin GP <0 :: GP = -1 - sin (GP)
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Appendix B
CONSTANT DELTA HEIGHT IMPULSE

_ The delta velocity for the impulse into the CDH orbit below or above ﬁhe
space station is computed using two-body equations. Forcing the CDH orbit to
be coelliptical with the spacé‘station can oniy be échieved'by having the same
‘differential height (AH) at apogee and perigee. Thus, to insure‘the AH will
be the same at apogee and perigee, the following equation was developed (see
reference 1 for complete derivation):

AH2 + (RRP-RAT-RPT)AH + RPT - RAT + E%B (RPT-RAT)

RRP

cos eD - —E—-(RAT+RPT) =0
Letting

A=1

B = RRP-RAT-RPT

C = RAT - RPT + E%E * cos SD + (RPT-RAT) - B%g + (RAT+RPT)
Then \

AGE)? + B@GH) +C = 0
and

VBZ - 4AC

2A

- +
AR = B =

If the coelliptic CDH orbit is above the space station then B = -B.

These equations are incorporated into the logic on page D-14 of the
flowchart as can be observed from this flowchart, oncé AH is computed it is

utilized to construct the conic parameters of the CDH orbit.

B-1
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~ Appendix C . |

SAMPLE OUTPUT: NORTHERLY LAUNCH
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PARAMETERS FUR 50x140 N,M, PHASING ORBIT/

RRP 6,47076600C 06 VVP 7.87643684E 03 GAMMAP-2,81045834E-10 EP 7.10442689E-03
AP 6,51706600€ 06 HAP 1.00000011E 92 MPP 4.99999902E 01 PMOOTP 6.878366714E<02

PARAMETERS fFOrR THE TARGET OQRBIT

RRT 6,87755324E 06 VVTY 7.61364626E 03 GAMATO0-2,85674250E-02 ET 5.30393840E-04
AT 6.87879782E 96 HAT 2.72289576E @2 HPT 2.68349542E 02 PHDOYY 6.34051019E-02

CATCr uP RATE AND ANGLE FNR TWE WALF ORBIT OF THE 50X100 NM PHASING QRBIT

ORBITAL CATCH UP RATE® 5.35156949Fa03
ANGLE UF CATCH UPT 1,40100272F Ny

TIME AT APOGEE CF 50X100 NRBIT= 2,98981135F 03
FIRST MaMUVER TO CIRCULARIZE RgX100 AT I1TS APOGEE/

RCP 6,563366020 o6 VCP 7.79304310E 33 TAUCP 5.29175108€ 03 PDITCO 6.80304097E-02
DLPUy 8.57,684947-35 DLMRR0 1.223798878 59 DELV2 2.77318954F o3 T3 5.63568689E 3

SEQOND RUnn TrRa&! SFER OUT OF 100 NM CIRCULAR TOWARDS COFLLIPTIC

ORBITAL PFR]Oliz 5, 47460173k 03

MEAN UxBlYat RATE=z 6,5758207DF-02
CATCrH uP 2aTE= 2,3953125045-n3
IMPULSE WFul IREMENT= 3,67692838FC 01
TIME InTO FLJAGRTS 8,372V8775E 03
DPHRI 6,441156457 1y

CokLtlrPIc LwblT PLATIMY YFWICLE IN CDH ORALT

EP3 2,292334547+02 RPP4 A,B56629385 06 RAP4 6 . R6392630F 06 AP4 €.86027/82E 06
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Appendix D |
PROGRAM MODULES AND DETAILED FLOWCHART -

D.1 PROGRAM MODULES

Name Function or Subroutine

RK713 " This is a seventh order Runge-Kutta integration routine which
can integrate backward or forward

RKG The main routine of the integration package. Integration is
variable step-size with an accuracy tolerance of 0.0000005 for
the state ‘

CONIC - Computes orbital parameters given the state. (Only for
elliptical orbits.) :

GMAT " Matrix transformat:on from space fixed inertial launch
coordinate system (XS) to the in-plane X'''' system

'lll_ ’

X B N P O P 2]1 Xs - |

MAROT Sets up elements of transformation matrix for an angle of
rotation about the X, Y, and Z axis

ARTAN Arctangent from 0 to 2m or -m to w according to flag

POLY : Evaluates an nth order polynomial given its coefficients

ECCV Computes_eccentrlcity vector e
e=vox ot

|r]

DEG Earth's gravitational potential function. Evaluates the
acceleration due to gravity for all three components

FATT Matrix transpose (3x3)

FATMU Matrix multiplication (3x3 times 1x3)

PRINT ' Calculates the U.T. in hours, min., sec, adds the U.T. to

the mission Time 'T", and prints out state and orbital

parameters of each vehicle in flight.

(Note: the program integrates in mission time, thus U.T. of

launch is added to mission time from lift-off to obtaln
_instantaneous U.T. time in flight)

FATMUL ' Matrlx multiplication (3x3 times 3x3)

TIME A Determines Keplerian time of flight between two p031t10ns on
an elliptical orbit

RANGA 1 ~ Computes range to and from descending node w.r.t. equator to
the instantaneous radius vector

TRUE . Computes true anomaly from perigee to the instantaneous
radius vector

D-1
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D.2  FLOWCHART

M-1082

EPHEMERIS DATA OF SPACE STATION
T
T

N 2N One TNe O CpLne ON
s> %2 s> 15> Onse %pLse %s

JPASS = 0, KPASS = 0

TULO = Ty TULO = Ty
NORTH =1 NORTH =1
L J
0D i

2-0 >
"FROM PG. D-7
TO PG. D-3
2-1)
AZ=1r AZ‘ o
-1 (€0 -] €0S iN
-SIN ) SIN Eﬁ§—$f

TO PG. D-3

D-2 .
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M-1082

FROM PAGE D-2,
PAGE D-7
o = ¢ = op
C0S ¢, SIN ¢, SIN A, -SIN ¢, COS A,
[A] = |-SIN ¢ C0S ¢ SIN A, -C0S ¢, COS A,
0 C0S A, SIN A,
CoS o), 0 -SIN o,
[8] = | SIN oy SIN { COS i -C0S 6y SIN 1
-SIN 6, COS 1 SIN i C0S 6, COS 1
[61 = [8] [A]
oS ¢T 0. SIN ¢
led=] o 1 0
-SIN ¢ O C0S 47
[K] =,[¢T] [G]
G = SIN ¢ i - COS ¢ SINA; j + COS ¢ COS A, k

y YES

<< =
n 03

L=
o
"

a(1-¢%)/(1+e €05 0)

aw

R a

-1 e SIN ¢
TAN 1i%é CoS

d

2-2
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FROM PAGE D-3
XT 1 Ro ).(T -1 Vo
ZT 0 ZT V0
AT = 100.0, MPASSI=0

“FROM PG. D-5

=

TO PAGE D-7

TO PAGE D-7

I

ur = K% T x gl
NT = Py X 9
RA =

y = SIN (x . n/|xT|)

oyt = C0S° [E Dt/ Pyrld

NT =TAN™ {E] - (Q .

A; = |XTlu/(2u - liT'

i :J 1/2
|

cos o i + SIN oL SIN AZJ - SIN oL COS AZ k|

J

E TO PAGE D-5
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NO — ONTZ
/2
YES

M-1082

NO.

NORTH=1

NORTH=0

2-3|FROM PAGE D-4

10 PAGL D-4

Z
DN "o M It
A= (1 - C0s°Ty/COS

| TAN v
R DN
1o = TAN [ A }

2

dg =T F g

Yon)

1/2

o oestrel!
YE
MPASST INCLINATION :
- HAS BEEN
DETERMINED TARGET
| ORBIT
- INTEGRATION
TO PAGE D-6
AT=TGR
MPASSI=1
Z BM NT

=1 - cos I/ COS%y
¢Ls = TAN"[TAN ¥ /A]

DS)

M= s

l

bg = 2T - dg
Mp= s - 97
y

AT=10
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FROM PAGE D-5

STEADY
STATE
TRAJ.
COMP.

INSERTION
CONDITIONS FOR INSERTION
NORTHERNLY
LAUNCH: ¥ FOR LAUNCH
6 6
N N
Aoy = Cy I A,e = ) Fyl
N NZO N°D IS " \ig ND
6 6
N N
8 = J Dy I byep = ) Gy I
NNP ~ (&g N D NSP ~ p&o N D
6 6
N - N
T,.= V E, 1 Tie = ) Hyl
N NZO N D 1S oo ND
6 ' 6
N N
Opy = Qy I ¢ yoSy 1
PN NZO N.°D PS N5 N D
U-PL—OO OLPL_OO

TO PAGE D-7

TO PAGE D-7

e

CONDITIONS SOUTHERNLY
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FROM PAGE D-6

KPASS = 1, JPASS = 1
Ry = HPER  CF + R

RA=HAP*CF+R@

e = (Ry - Ro)/(RA +R,)
= /i ¥ e)/R.

Vo ull + e)/R)

a-= (RA - Ro)/2

——= 2-1 >T0 PAGE D-3

Yo = 0.0

FROM PG. D-4 . FROM PAGE D-6
Xp = Xp KPASS=0 2_6
i, = X —= opass1 120

T | TO PAGE D-2

FROM PG. D-4

o = %

XLo = XT

B T+ o0 o

X-r = J XT dt
T

. T+, .

X.r = j XT dt
T

w TO PAGE D-8

D-7
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m TO PAGE D-9

RAP3 = Ryr - aHD + GHB, RPP3 = R_,, AP3 =
(RPP3 + RAP3)/2. EP3 = (RAP3 - RPP3)/
(RAP3 + RPP3), RPP4 = Rpy = AHD
RAPS = Ry - aHD, AP4 = (RPP4 + RAP4)/2
EP4 = (RAP4 - RPP4)/RAP4 + RPPA)
_ enc-l [AP3(1 - £3%) - AP4(1 - EP4Z)
EP3AP4(1 - EP4) - EPAAP3(1 - EP3?)
R4 = AP4(1 - EP4Z)/(1 + EP4 COS (s,))
va = {[2uaP3/Re) - u1/RP3
- 2
= TAN { R4 EP3 SIN(6,)/(AP3(1 - |
FROM PG. D-7 Y4 ( (54)/ (AP3(7 - £P3 ))}
VT4 = {[(2uAP4)/(R4) - n]/APA
| w Yig = TAN'; (R P4 SIN 5,1/ [AP4(1 - EPd 2)3)
1,1y ok Ko X X [ava = (re? 4 va? -avma (v4)cos(yT4 - Y4)]V2
AVR = f(aHD)
T, = TINE OF ORBITER INSERTION -
Rep = PXpls Vyp = Xl - RPP3 = R, RAP3 = Ry~ - aHD - aHB
R 2P | cP pT
= u/(2u - V Rp )
P T TR T yp, ap33 172
Rr = 1Xplo vy = lérl AP3 = (RPP3 + RAP3)/2, tpy = 2r (22
Ap = Rerv/ (2w 17201 Rep) "1/2 $PA3 = [A, 312, 43 - bpaz - Srare
o = /A /8 = L] Dy = A¢3(SFN02) p3r Ty = Ty + (SFNO2) Tpg
2y = dppy - TA] 12 RAP3 = R, - aHD + aHB, VPP3 =
soygy = 81 (1) (A, /0] 4 27172 [[2u RAP3/RPP3(RAP3 + RPP3]'/2, av, = vPP3 - v,
- = S
p = Rep_Vyp €05, vpu Ep = |1 - 7 u:’_ J
vp = SIN' [(Xp * Xp)/(Rgp * V)1 F I N
//T‘E‘ xT . YES ILIG NO | xn=
. =1. ] 0.0
Rap = Ap(1 + Ep)s Vpp = /3%:- T+E,
1/2 —
. T ] .
7 Rer Vyr G5 vp Ep s K“;] | Rep = Rap» Vep = [u/Rep]
' A . 3, 4172
- - P tep = 2n [Rep/ul
Rar = A0+ Epds Ty = 2n /= cP >
Rop = Ar(1 - Ep), oRp = RAT‘- Rot bp = [u /ch]
Tp= T+ 1py/2 84y = d¢p = brpyr Sypo
JLIGHT = 0, SSFNO3 = SFNO3 84y (SFNOT) tep, AV, =
%ULOS Tuig 5, Vep - Vppr T3 = T,
Ts1 PSI | (SFNOT)
. . : cp
Y151 = x Ypsy = 1

FROM PAGE D-15



NORTHROP SERVICES. INC.
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w FROM PG. D-8

3,172 -
Aog ™) y \1/2 V
Tpg = 2u T . ¢AP4 ;\——3-> . A¢R =. SIM . AH.
P4 Bpyy = bppy - b
~ I cu T %aps T 4TAl
Mura A¢CU(1P4)(SFN03 + XN) + ndp
TIPL = T, + 15, (SFNO3 + X,)
MRt T MMt t Advpo T Boup3 t Adypg
AVIT = AV2 + AV3 + AV4 + AVR
RANGA
byy = épp t 20 Aopy =
Abpy = 41 opy *T1 " *p

y

b T a1
Bdpy + 2n Bopy
BTy = SFNO3 - tpy + 11/2 + 1, (SFN02)
801 = Boypy * Adyps + 8dgy Tpg (SFNO3)
By = bop) - B8y - Bogs AT, = 8ep/aey

TSBST = T] + AT, + AT
TTEST2 = T1 + rpl/é + T

2

w T0 PG. D-10
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FROM PG. D-17

M-1082

w FROM PG. D-9

ORBIT INTEGRATION
OF ORBITER AND

SPACE_STATION
FROM Ty TO
TSBST '

I 4-3 | TO PG. D-N

[

YES TUTP =
- TSBST i
Y :
T = TSBST, Xy, X;
°Sv="**L‘“®'TUL0
agy = a C0S (b + c - T,)
[ C0S¢, O ST
[-¢ =l o 1 0 JFLAG = 1
svl, ——— 4T = (BSVPD -
_-SINoSV 0 | C0S4,, BSYPT)/BSD
Fcosasv -SlNag, 0 s
_ e BSVPT
[ “sv]3' SINagy COSag, O + BSD (aT)
A > BSVPD
0 1 .
TUTP = T, a7y = T-TSBST
(8] = [-ag,] [-0g,] [A] 8oy T 80y + Bogy 2Ty
o3 2 Boy = B4y - Boy - 86
SV] 1 | AT2 =_ A¢2/A¢2 ,
sv, | - 517" 1o TTEST2 =
T] + TP] + ATZ
SV, 0 ‘
JFLAG = 0
SPACE
STATION
- ORBIT JES
INTEGRA-
TION
Y
SV = sv]i + ssz f sv3k. XT = xTi + YTj + sz, AMT = xT X *T
Py = Ayp x SV, SV, = By x Ayp, SIN(BSVPT) = §; : SVp/ LI ISV, )
COS(BSVPT) = Xy « SV, /(|X |5V, [}, BSD = [Xp % Xpl/(Rp -+ %))

_ ran-1 [SIN(BSVPT]]
BSVPT = TAN [%ﬁE%EEVFT%]

D-10

(PRINT
LIGHTING
ANGLE )

TO PAGE D-20
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NO TGP2 < 2
YES
- _ 1y _' 1/2 - oz -
Rap = Rpp = IX Is = (u/RAP) Nepp = Xp X Xp
VCP P NCPP/”X x N pp'): V VC VCP ,
Vg VgP Xp 9 IV |, %, p = TSTI = T
%os = Xp» Xps = Xps Xyg = Xps Xy XT
ORBIT INTEGRA-
?2382710” 4-15 TION OF ORBITER
LOOP AND SPACE STATION
TO TTEST2

w FROM PG. D-10

e x|
i
>

>
-
|
>
—
w
vl

ORBIT INTEGRA-
TION OF ORBITER
AND SPACE STATION

FROM Ty TO
TTESTI
ECCV TRUE TIME
- - - -
Eep PTA TGP2

ORBIT INTEGRATION
OF ORBITER AND
SPACE STATION

FROM PAGE D-19

w T0 PG. D-12

D-11
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LIFT-OFF TIME
CORRECTION

D ECCY
III' et

FROM PG. D-11

M-1082

ORBIT INTEGRA-
TEON OF ORBITER
AND SPACE

STATION T0
TTEST3

FROM PG. D-13

il

ECCV

€

ECCV

Eep

- :2- -

Ap = IXplu/(2u - IXgI71Xg1) s By = {Egqls Ry =
A+ Ep) - oHp, Rppp = A1 - Ep) - iy
Ero = (Ravo_~ Rprod/(Rarp * Pprp)
COSTTAPA = Epp + (-Xp)/[Ef1X 1T, Ryp =
(2RaroRprpd/ [{Rayp * Royp) * (Rypp - Rppp)COSTTAPA]
¢ tHge Rpp = IXplv Ep = (Ryp - Rpp)/ (Ryp + Rpp)

_ 1/2— -: -
Yop = [(u/Rpp) (1 + EQ)] 7%, Nepp = Xp x Xy,
pp = Xp X Nepp/(IXp x Neppl)s Vpp = Vpp Vpp
g = Vep " Xpr Vg2 = IVgle Ap = (Rpp + Ryp)/2
= 20 A2/ TTESTS = T4 1y« SFNOZ

EY

pe KPAS = JPAS = 0

<

=

‘P2

-250., AT = 200., L VP

17 el
p = IEgpls

A = 1plu/

2 2.z
(2u - [X1°1%1),
Rap = Apl) + Ep)
_ 2
PP = As(1 - Ep°)
ORTEST = Ryp
-[xTI + H, - 100.0

!

TRUE
PTA

ET >
.0000074

TO PG. D-13

NO

ORBIT INTEGRA-

YES TION OF ORBITER |
AND SPACE [
STATION

PTA - PTASI
TG3
: YES
)
Rg = {Xyl - oMy Nepp = Kp % ip
PTASI = - 5 xi
PP - R . p * Ncep
cos” | g 5) + 2 Vpp =T ——=
PTs 1Xp x Neppl
PHTST=PTASI- -
PTA Rep = [Xp!
. 172
Vep = [u/Repl
Yep = Ve Vep
Vg3 = Ve - %
Vg1 * Vaal
Xp = Vep
ICOR = ICOR+T "

TIME ‘ :\

YES

ORBIT INTE-
GRATION OF
ORBITER AND
SPACE STATION

TIME

PTA » »
TG3

D-12
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@ FROM PG. D-12

I 223 ]
Rprp = Ar(1 - Ep) = aHps Arp = (Rypp + Rppp)/2
Erp = (Rarp = Rprpd/(Rarp * Rppp)s Ppp =
2 Do -
Al - Ep?)s COSTTAPA = Epp - (-Epp)/(EqEp)

Rep = Pry/ (1 + Eqp COSTTAPA) |
ORTEST = Ryp - Rpp - 100.0, IPASSI =0 | 10 PG. D14
' 1-8>
ORBIT INTE-

. : .( GRATION OF |q
TS S -1 o ORBITER AND
Pup = Xp X Xp» Ay = Xy x Ay SPACE STATION
Ont = Awp X ® Dyp = Awp X8 .
Onap = Onp X Awps Oyawr_= Oy * Ayr —
SINop = Epqp  Dyayp/TEp Dyl IPASSI = 1
C0Sar = Egq + Dyp/[E[Dyrl]

el
ap = TAN™ (SINap/COSay) TINE
Shap = Egp + Dyaup/ [Ep | Dyppl] PTA > PTASI

CE B TED - 163

C0Sap = Epp + Dyp/ [EpIDypl] | i

-] - .
ap = TAN (SINaP/COSaP) | F ’
ba = ag - ap, D = Eqp(PP). STAST < PTASI =
C0S(aa) - P (Ep)s E = -Eqq- - + - 4

(8a) ) ro(Ep)s Ll -SIN-T [STII -SIN-1[STI]
(PP)SIN(8a), F = Pry - PP,
A=-(62+ 0%, B = 2FE, C = D% - F?
RAD = B2 - 4AC, STI = (-B - VRAD)/2A
STII = (- B + /RAD)/2A

D-13
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" LIFT-OFF TIME

w FROM PG. D-13

CORRECTION
ECCV
Eer
T AN TRLITR)
T LS AR
Er = IEgrls Npegr = %p X %p
Nerer = Ber X Npcer»

COSTTAPP = Ecp - Xo/[E|¥p|]

SINTTAPP = Neper + Xp/CINgrerl 1Xp1 1

. 2
Pr = A1 - E77)
Rep = Pr/(1 + Ef

ORy = Ror = [Xpls B = [Xp] = Ry - Ry

COSTTAPP)

C = Ryp(Ryp) + (|X,]/2)(COSTTAPP(Ryy = Ryr) = (Ryp + Ror))
a1 = |[-B + (82 - 40)V/23/2|, oH2 = |[-B - (82 - 4c)/?)2
oR = |aRy[, DRTI = [aR - aH1|, DRT2 = |aR - aH2|

oHy = BHy DRT1 < DRTZ oY = oM,
NO v
@ aHy = -aHy
' YES {
Rop = Rpy = aHps Rpp = Ryp = s Ep = (Rap = Rpp)/(Ryp + Rpp),

' _ _ 2 C ' 2

- -1 - oy -
Yp © TAN [(EP SINTTAPP)/(1 + EP COSTTAPP)], NCPP XP X XP

+ 2EPCOSTTAPP)]

Vpp = Xp X Nepp/L1Xp x NepplJs Xp = Xp/[Xp[, Vp = VpLOSy, Vpp
3= IV

+ Vp SINvp Xp, Vog =Vp - Ko, V gl %p = ¥y

]
ICOR = ICOR + 1

1/2

TO PG. D-15

ORBIT INTEGRA-
TION OF ORBITER
AND SPACE
STATION TO TUTP

D-14

b

FROM PG. D-12
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LIFT-OFF TIME
CORRECTION

FROM PG. D- 14

SFNO3_= SFNO3 + .5
;T = X151
TCDH-TUTP T = X153
YES ret
+SSFNO3 )
- 1 %5 = %p5y
Xp = Xpsy
TULO =
DT = D
Avp = Xp X Xps Ayp = Xp X Xq
Nip = Awp X Ayr
v A, - A&
W cos™! [ B MT T0 PG. D-8
ATP . IA HA I . :
mp | 1Ayy
RANGA
p
RANGA
1
Nexr = X % Npps Neper = Npp x By
SIN oyp = DNerer = X/ UNeperl - %11
005 dyy = oy« X/CiNpp 1]
oyr = TANT (SIN 47/C0S gy17) |
Neyp = Xp X Npps Nepep = Npp x Neyps SIN oNp = T0 PG. D-16
Nepcp = Xp/ Upep! 1% '}] C0S ¢yp = Npp + Xp 112
/{lNTPIIX |}, oyp = TANTT(SIN ¢p/ oS ¢P) .
ERA = C0S g i+ SINg SINA,j - SIN ¢ COS A, k
el _
oyt = COS™ (Epy * Dyy/ [ TI)’ W = 005 T (Egy " Dyp/ 1Byp )
A0F = ONT = Opp

D-15
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NORTHROP SERVICES. INC.

FROM PG. D-15

WATP

>WATOL

4-13»T0 PG. D-17

A0 = oyt -
A = byr - ¢
NT ~ NP
é ONT = ONT * 2T
86 = byy - 8 = oy - 4y
L ) AP = ONT T Onp
onp = dyp + 2T L
A0 = Oyt - Oyp ¥
v
4-13
A/ 10 PG. D-17

D-16



' | ' ' M-1082
NORTHROP SERVICES. INC. :

FROM PAGE D-16

NO

NO

g YES
YES
A = ¢T = ¢P :
' : &NO
= +
“dp -
A
>
—
y
4-14)
TO PG. D-18

TO PAGE D-10 4é'l3 x]JLIGHT=

D-17



NORTHROP SERVICES, INC.

M-1082

FIRST

E SUBSEQUENT PASS

THIRD AND

' FROM PAGE D-19

ATTT2=A¢E/(A¢2-§¢CU);
T = TSTL X = Kpou X =

= 4 - A‘bR

Kpgs X1 = Xpgr Xp = Xpg

ATLo = ABE/%Q,TULO

TU = TSTI + TULO

TTEST2 = TTEST2 + ATTT2 ISOLATIOQ}

LOoOP

{MAJOR

= TULO + o) Kppy

Xp = Xis0
£ T A4 - oep
TUTP -aT,

¥

SPACE STATION ORBIT INTE-
GRATION FROM T = TSTI
TO T = TSTI + aT

(ATLo < 0 INTEGRATE BACK)

{

Frgg = P €1 = TSTL+ 0T 0
8y0¢. = €05 "Dhygy - Xrpg/ (Xppy | IXppal)
s ¢ = [aT o/ 18T ol ¢y ¢

aTT1 = [89 o - (80 ¢ aégy)/ady)

- AT dégyl/ad,

aTTZ = aog/ (84 - 8éc,)

aTT2 = ATT1 + ATT2, TTEST2 =
TEST2 + aTT2

FROM PG.
D-19,
D-20

TO PAGE D-20

Avt = X7 X XT/IXT X XT| > Dyt = Ayr X 9
_ -1 TR Y2 L LTI
Iyp = TN ([T, - (8 A)9) ((n M)t
Ega = €0S o1 + SIN ¢ SIN A,j - SIN ¢ COS Ak
oyt = COS™ [(Epy = Dyp)/ (1D 1)]
O\t T Ont - A%
r
COS ¢ SIN ¢ SINA, -SIN 4 COS A,
(A} = |-SIN ¢  COS o SINA, -COS ¢ COS Az
|0 cos A, SIN A,
. [ cos onT 0 SIN oy
[8] = | SIN oyp SIN Iz COS I .-cos oy SIN Iyp
:SIN 6y COS Iyp  SIN Iyp  COS 6y COS Iyp
e [0 e -
brd = K] = [4106)
_:st ¢ 0 COS ¢;
R
- & -1 T < -1
.o
VT SIN \ i B o .
0 3 1= TSTL, X = Xpgi vy = SINT'[(X; * Xp)
¥y €05 vy _ _ /(ReV1) ]!
Xp = Xpgs Xrg = X4 Xpg = Xp

}

RANGA

’r

D-18
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M-1082

w FROM PG. D-18

A¢E =
Ad - A¢R

T0 PAGE D-18

r

LAST PASS NODE CORRECTION

T Aes/“ s Xrpy j *rs,

T = TSTI, X XTS, = X

TULO = TULO + 8T g ATLOT

TULOSS - TULO, TUTP = TUTP -
8T, g TULOSS = TULO

TS
TS

FROM PG. D-18

THIS IS THE SOLUTION
RECYCLE AND PRINT

OUT ISOLATED TIMELINE
AND TARGETING PARAMETERS

!

SPACE STATION ORBIT INTEGRATION (ONLY)
FROM T = TSTI TO T = TSTI + ATLO

(1F ATLO < 0 INTEGRATE

BACKWARDS )

x @T TSTI + AT,

Xrpa =
84 oc T U Yrgg Ul g
b¢Loc * [AT Lo/ 18T ol 26 o

aTTl = [a0y oc = (80 o¢ Sdgy/8p)

8Ty g bégyl/aéy,
TTEST2 = TTEST2 + aTT)

Lo

1

—

TO PAGE D-18

D-19

T0 PAGE D-20
YES
ACCUMULATED VALUE®
OF LAUNCH TIME CORRECTION
A = Xyss X7 = Xygo
Xp = Xpg» Xp = Xpgs
T = T1ST1
* = -
aT 7 = TULO - TULOS
& - MAJOR
ISOLAS = L mls_15{ ISOLATION
ISOLAS + 1 AT
: T0 PG, D-11



NORTHROP SERVICES. INC.

FROM PG.
D-18

M-1082

w FROM PAGE D-19

Xr = X100 %1 = X100
SPACE STATION :
INTEGRATION FROM
T=TUOTOT =

TULO + AT, o

AGE s w . ATLO
KINS = 0
JINS = 1

— 4-19

1= X110 X7 = Ky
SPACE STATION ORBIT
INTEGRATION FROM
T=TUOSTOT = -
TULOS + AT

KINS =

1

D-20

TO PAGE D-18

TO PAGE D-18



NORTHROP SERVICES. INC.

D.3  SUBROUTINES

M-1082.

RETURN

D-21
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- MORTHROP SERVICES. INC.

-1 | SIN(TA
C

RETURN

Ay = X x X, DN = A, x @, Dy = Ay x DN
COS ¢ = DN - X/{|DN]||X|}
4 = TAN"1(SIN 4/COS ¢)

RETURN

D-22
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PROGRAM LISTING
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= 7T ] DY w

PROGRAM TARG

PROGRAM TARG .
DIMENSION XP(3), XDP(3), XT(3), XDT(3), XTR1(3), XTR2(3), TEMP1(3)
10 TEMP2(3), TEMP3(3), TEMP4(3), TEMP5(3), XOMEGA(3), AAA(3,3), BBS
2(3,3). CCC(3,3), DDD(3,3), XPS(3), XDPS(3), XTS(3), XDTS(3), EV(3)
3, AM(3), XTS1(3), XDTS1(3), XpPS1(3), XPSi(3)

gzMENSRON AC73, BE7)s CU7)s D(7)s EL7)) FUT)s GCTY, H(7)), Q(7)) S
17)

DINENS ION XTLO(3), XDTLO(3)

Crs1852, : :

GMs , 3986032819

RE=6378166,

6M2c,7972064E15

OMEBA®,729211585E<04

P12s6,2831852

P183,46415926

2ERO20,0

ONE=1,

THO=2,0 ”

Cnve57,29577951

HATOLs,1/CNV

KPASS=0

JPASSgD

READ 1750, ISURF,ILIG

READ 1760, 4,B,C,D,E,F,G,H,0,$

READ 2100, T,TN,TS,TTOL,HAP, HPER

READ 2100, AN,EN,XENCN, THNN, ALFAN,PHIN

READ 2100, AS,ES,XENCS, THNS,ALFAS,PH]S

READ 2100, PH!aXLANALaBSVD.AinBi.C1aTOLE.TY.DLHDoDLHB:SPN01:SFNOZ.
1SFNO3,SLM

JINS=a(

DY4855,0

Dys200,

DTi?aéﬁoﬂ

SSFNO3sSFNDS

JLIGHT=0

DYScDY

PHI0sPHI

Az0nAZ

DELTH=DLKD

DLHD=RLHDwGF

DLHB=DLMBeCF

PHI=PHI/CNyY

AZ3AZ/CNY

HLAMALEXLAMAL /CNY

BSVYD=gSVD/CNY

A4sAL/CNY

Bi=BisCNy

CiasCi/sCNY

XENCNaxENCN/CNY

7HNN= 7 HNN/ CNy

L
>
[~}
m

p 2 T T - 2B T T N N N h)*)-)lb‘)-)»b')ﬂ)tb')*>>'"D'D'b-')~b!bl)~>‘):’$')')‘)'b

-2 25 _ W5 15 b 2 -2 19, "W N

T T T
VCONPVLWRF-FODODAG UL GiN s

Aaaa&aaAbzwuuuuuuuuummmmmmmmmm
OO\IOWOGNHOOO\JOW&GNPO‘OGD\JOUIA(ANHO

N
n

wn
o
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NORTHROP SERVICES, INC.

ALFANz ALFAN/CNY
PHINzPHIN/CNY
XENCS=XENCS/CNy
THNS3THNS/CNV
ALFASaALFAS/CNY
PHIS=PHIS/CNY

IF (TN=TS) 20,50,50

IF ((TN=T)=TTOL) 40,30,30
NORTH=1

TULO=TN

. PRINT 1770

40

50
60
70

80

90
100
110

120

130

140

Go TO0 60

NORTH=0

TuLosTs

PRINT 1780

Go TO 60

IF ((TS- T)-TTOL) 30,40, 40
IF (NORTH=1) 80,70, 80
TaTN

AT=AN

ET=EN

XENCT=XENCN

THNT=THNN
ALFAT=ALFAN

PHIl=PHIN

GO T0 90

T=TS

AT=AS

ET=Eg

XENCTeXENCS

THNT=THNS

ALFATzALFAS

PHII=PHIS

IF (JPASS»1) 100,440,140

IF (THNT=PI/2,) 110 110 120

PROGRAM TARG

AZLeP]- ARS!N(COS(XENCT)/COS(PH!))

A20=AZL*CNY
AZaA2L
Go TO 139

AZLGARSIN(COS(XENCT)/COS(PH!))

AZ3AZL
AZ0eAZLeCNY
PRINT 1800
PHI10®PHI] «CNV
ALFATo=ALFAT*CNY
XENCTQeXENCT *CNyY
THNTOzTHNT «CNy

PRINT 1790, 7,AT, ET.XENCTO THNFO, ALFATO,PHILO

PRINT 1840, Az0
PHITaPHIl« ALFAT

E-3
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T I

150

160

170

480

M-1082

HORTHROP SERVICES, INC.

PROGRAM TARG

CALL MAROT ‘AAA:AZ’PI/Zliloi’
CALL MAROT (BBB,PHI,3,+1) :
CALL MAMUL ¢CCC,BBB,AAA)

CALL MAROT (AAA,THNT,2,-1)

Call MAROT_(@BB.XENCT:Io'l)

CaLl MAMUL (DDD,BBB,AAA)

Call. MAMUL (AAA,DDD,CCC)

CALL MAROT (BBB:PHIToao'i,

Call MAMUL (CCC,BBB,AAA)

CALL FATT (DDD,cCCC)
XOMEGA(L1)=SIN(PH])
XOMEGA(2)3mCOS(PHI)eSIN(AZ)
XOMEGA(3)=COS(PHI)*COS(AZ)

IF (KPASS-1) 150,160,150
RosATacGNE,ET.ET>/(ONE*ET-cos&pHxI)>
VOaSQRT(GchTNO/RO-ONE/AT))
GAMMOHARTANcET¢SXN(PHII),ONE+E?§COS(PHII),1)
CONTINUE

TEMP1(1)=R0

TEMP1(2)=2ERQ

TEMP1¢3)32ERO
TEMP2(1)2V0eSIN(GAMMO)
TEMP2 (2 )aZERQ
TEMP2(3)=V0eCOS(GAMMY)

CaLL FATMU (XT,DDD,TEMPY)

CaLL FATMU (XDT.DDD, TEMP2)
DT7Y33{00,0

MPASS=0

IF (JpASS=1) 170,370,170

CALL pANGA (XY sXD7,XOMEGA,pHI¥)
CALL yCROSS (TEMPL,X7,xD7)

CaLL yCROSS (TEMP2, TEMP1,x OMEGA)
RRTaYMAG(XT)
PSEnAESIN(VDOT(XT,XOMEGA)/RRT)
PSI0=sPSI«CNY

TEMRS (1)8C08(PH )
TEKPS(2)sSIN(PH])«SIN(ATZ)
TEMPS5(3)a=SIN(PHI)*COS(AZ) _
?MN?QAR005(VDOT(TEMP59TEMPZ)/VMﬂGfTEMPz))
GALL VUNET (TEMP4, TEMPY )

DUM32VDOT (XOMEGA, TEMP4 )
DUMaDUMiwDyUML

XENCEARTAN(SQRT (ONE=DUM),DUML), 1)
A?BQRT*Gﬁlé?HOﬁGvauoTcxur.anS-RRT)
XENCOaXENCeBNY

PHITOaPHITwONV

THNTOeTHNT wCNYV

PRINY 1700, psio

IF (MPASSIs1) 180,300,189

IF ¢THNT=-P/TW0; 200,190,190

E~4

PAGE 26

)l)t;)>| »"')')'s'>')')')’>l$'>-)-),b.).),).)'

.iq»bq»pq»)xn>um>qm$§»5d,>q~)qmsdw)qy)dw)'

101
102
103
104
105
106
107

"108

109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
1490
141
142
143
144
145
146
147
148
149
150



- T

190
200

210
220

NORTHROP SERVICES, INC.

M-1082

PROGRAM TARG

NORTHz1

GO T0 2190

NORTH=0 .
SOUTHERNLY LAUNCH COEFFICIENTS
IF (NORTH=1) 220,230,230
PSIDOaPALY(B, XENCO, 6)
PSID=PSIDO/CNYV _
DUM=COS(XENC)/COS(PSID)
AASSQRT(ONE~DUM*DUM)
PHILS:ARTAN((SIN(PSID)/COS(PS!D))nAAo"l)
PHILS=Pl2=PHILS

' DPﬂRR:PH!LS-PHIT

230

240

250
2690

270
280
290

300

310
320

GO.TO 240
NORTHERNLY LAUNCH COEFFJCIENTS
PsID0sPOLY(A,XENCO,6)
Ps1D=pSI1DO/CNY
DyMaCOS(XxENC)/COS(PSID)
AAaSQRT(ONE~DUM«DUM)
PHILS=ARTAN((SIN(PSID)/COS(PSID)), AL, 1)
PHILSgP1+PHILS
DPHRR2PHILS=PHIT

CONTINVE

DPHRRO=ZDPHRR*CNV

PRINT 1710, PSIDO

JF (PHIT«PI) 290'290.250

IF (DPHRR) 290,290,260

PHID=SQRT<GM/¢AYtATtAT))
TGRaDPHRR/PHID

IF (TGR=100,0) 270,270,290
DTT3=10,0

‘IFr (TGR=20,0) 280, 280.290
DTT3=TGR

MPASS 1=l

TFeT+DTT3

CALL RKG (PHIO0,AZO,XT+XDY,T,7F)
TaTF _

TuLOD=0,0

PRINT 2210

CallL PRINT (TF,xT, XDT AZ, PHI Tul.ob)

GO TO0 170

PRINT 1840

PRINT 1820, PSIO

PRINT 1830, PSIDO"
X1DO0=sXENCO

PRINT 1850, XENCO

IF (ISURF=1) 310,330,310

THIS 1S WHERE THE STEADY STATE SHOULD BE PROGRANED IN THE. PUTURE

Do 320 I1=1,3
XP(1)s0,0
XDP<I>=0 0

o
>
¥ ~]
m

B etk T D D ot D e D ] o E b o P e O L A N S Sy A S P

3]
~3

i34
192
153
154
155
156
157
158
189
ig0
163
162
163
164
165
166

167

168
169
170
171
172
173
174

175

176
177
178
179
180
181
182
183
184
185
186
187
188
ia%
190
191
192
193
194
195
196
197 .
198
199
200
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RORTHROP SERVICES. INC.

TIDY « ' - PAGE 28
' PROGRAM TARG -

PRINT 1860 201

Go TO 400 202

330 IF (NORTH=1) 350,340,350

340 AzN=POLY(C,xID0,6)
A70sA7Z N
THNNP=POLY(D,x1DO, 6)
TiN=POLY(E, XID0O, 6}
PHIPN=POLY(0Q,XIDO, 6)

203
204
203
206
207
208

PHII=PHIPN/ENYV 209
ALFAT=0,0 210
THNT=THNNP/CNV 211
AZ=AZN/CNV 212
TieTIN 213
Go TO 369 214
350 AZS=POLY(F,XID0,6) 215
AZ0EAZS 216
THNSP=POLY(G,XID0,6) 217
T1SaPOLY(H,XID0,6) 218
PHIPS=POLY(S,XiD0,6) 219
PHIIZPHIPS/CNV 220
ALFAT=0,0 _ 221
THNT2THNSP /ENY 222
Az=z428/CNV 223
T48TLS§ 224

S60 XENCT=XIDO/CNV 225

PRINT 1870, Az0 226
KPASSal 227
JPASSEl 228
ROSHPER«CF «RE 229
RABHARaCF ¢RE 230
ETs¢RA=RO)/(RA+RO) 231
ATs{RASROY/TWO 232
V6sSART(GMa (ONEET) /RO) 233
GaMMO=0,0 234
Go 70 1490 235

370 XF @KQQSS”i, §1003801380
380 DO 396 1=21,3
XPC])aXT(])
$90 XpP(lysxpT(1)
990 KPASS=0.

236
237
238
239
240

-)-))H)'D')')N)‘>i)'>\>'b')'blb‘)l)')‘bib»bb'")'bvb‘b'b')ﬂﬁ'iﬂ')vb!.l»)tb:b-)-lba)

PRINT 1880, xp,xDp A 241
PUNCH 2350, xp,xDp A 242
JpASSel A 243
60 70 60 A 244
459 TFeTeT1 A 245
Do 420 1=21,3 A 246
XTLOCIy=XTe 1) A 247
420 XDTLOCIY=XDT(1; A 248
PRINT 2320 A 249
CALL RKG (PHIO0,AZO,XT,XDT,T,TF) A 250

E-6
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M-1082

Dy » .
"PROGRAM TARG

CALL PRINT (TF,XT,XDT, AZ, PHi TULOD)
PRINT 1840
PRINT 1890, XT,XDT

TULOS:TULO

DO 430 21,3
XTSI(I)“XT(I)
ApT8L¢I)=XpT (1)
XPS1(1)raxP(1)
XDPS1(3)=XDP (1)

440 RRPISQRT(VDOT(XP,XP))

VVPSSQRT (VDOT (XDp,XDp))
ApcGMoRRP/(GM?evatva*RRP)
RRT=SQRT(VDOT(XT,XT))
VVTaSQRT(VDOT¢xDT,xDT))
AT:GH.RRT/(GHZ.VVT.VVT-RRT)
PDPAL1gSQRT(GM/ (AP APw AP))
PDTALaSART(GM/ (AT ATRAT))
DLPD1sPDPAL=PDTAL
DLMR1-DLP01-P!wSQRT¢APtAPtAP/OH>
GAMAP:ARS!N(VDGT(XP.XDP)/(RRP.VVF))
HPeRRP*VVPwCOS(GAMAP) :
EP=SQRT(ONE=HPwHP/(GM*AP))

RPPaAP® (ONE=EPR)

RAP=zAP* (ONE«EP)
VAPSSQRT(GM/AP)*SART((ONESER)/(ONESEP))
GAMATBARSIN(VDOT(XT,XDT}/(RRTeVVT))
HT=RRT#VVT*COS(GAMAT)
ETSSQRT(ONE~HT#HT/(GM*AT))

RATRAT® (ONE«ET)

RPTBAT*(ONE=ET)

TAUP1sp I29SQRT (ApwAP*AP /GM)
T2=T1«TAUPL/TWO

DRY=sRAT~RPY

GAMAPO=GAMAPCNy

HATz(RAT<RE)/CF

PHDOTPaPDPAiﬁCNV

HPTs(RPT-RE)/CF

PHDOTTsPDTALxCNV

HAP= (RAP-RE)/CF

DLPD10O=DLPDL«CNV

HPRs(RPPR<RE})/CF

GAMATO=GAMAT*CNVY

DLMR10=DLMRy «CNV

PRINT 2110

PRINT 2120, RRP,VVP, GAMAPO EP, AP AP, HPP, PHDOTP
PRINT 2130 -

PRINT 2140, RRT,VVT,GAMATO, ET.AT HAT,HPT,PHDOTT
PRINT 2150

PRINY 2160, pLPD1O, DLHRlO.TZ

PAGE

3 -Ib -5 2% - ¥ Dn):)!)c)v)n)»b.)»’-)t’)»)i')n)i))))v b“)‘)‘)-)l$lD'b‘»‘)‘i"b’)')‘)')')‘S's‘»)'b‘ >')"‘>'$‘>

29

251
252
283
254
255
256
257

258

259
260
264
262
263
264
265
266
267
268
269

270

271
272
273
274
275
276
277
278 .
279
280
281
282
283
284
285
286
287
200
289
290
291
292
293
294
295
206
297
208
209
300
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TIDY # _ PAGE 3¢
PROGRAM TARG : B
RCP3RAP A 301
VEP=SQRT (GM/RCP) 3 302
DyM=SQRT(RCP*RCP*RCP/GM) A 303
TAUCPapI2+DyM A 304
PDOTCR=ONE/DyYM A 305
DL.PD23PDOTCF-PDTAY A 306
DLMR2eSFNO1+DLPD24TAYCP A 307
DELV2=YCPmyAP A 308
732724 SFNO1e TAUCP , A 309
PDOTCOaPDOTEPCNVEDLMR202DL MR+ CNY A 310
PRINT 2170 , A 314
PRINT 2180, RCP,VCP, TAUCP,PDOTCO,DLPD2, DLMR20,DELV2, T3 A 312
IF (JL1G=1) 450,460,450 A 313
450 XNsZEROQ A 314
6o Y0 470 A 315
460 XNoONE A 316
470 CONTINUE A 317
RPP3I=RCP A 318
RAP3=RPTDLHD+DLHB A 319
AP3s(RPP3I*RAP3)Y/TWO A 320
DUM3SQRT(AP3#AP3wAP3/GM) A 321
TAUR3apPl2%DUM A 322
PpPA3=0ONE/DUM A 323
DLPR3=ePDPAZ<pDTAL A 324
DLMR3I=SFNO2eDLPDI«TAUP3 A 325
T62T3+5FNO28TAYP3 . A 326
VPP SRSQRT (GM24R AP 3/ (RPP 3« (RAP 34RPR3))) A 327
DELY3eyPP3ayCp A 326
PRINY 2190 _ A 329
PBPASOQPDPAEQ@NVSDLPD3O§DLPDS&CNV A 330
DLMR3B=DLMRICNY A 334
DLMR30s DLMR3=CNV . A 332
PRINT 2200, TAUP3, PDPA30, DLPD30, DELV3, T4, DLMR30 A 333
CIRCULARIZATION AT CDH ALTITUDE A 334
RAPZaRAT DL HD DL HB A 335
APSB(RPPI*RAP3) /TWO A 336
EP38(RAPI=RPP3)/(RAPISRPPY) A 337
RPP4=APT=D HD ' ..A 338
RAPGBRAT=DLHD A 339
APGu(RPPASRAP4 Y /TWO A 349
EP4o(RAPG=RPP4)/(RAR4+RPP4 ) A 341
Pgaé?sw(ONE-EPawE?BQ A 342
PauAP4e(ONE<EP4#EPY) , A 343
THA©ARCOS( (PSP4)/(ERP3+PaoEP4ap3)) A 344
R4aP4/(ONE#EP4#COS(THE)) A 345
V4nSQRT((GM29ARI/R4=GM) /ARS) A 346
BAHASRARTAN (RAEPI#SIN(THA) )PS0t ) A 347
V?4@S@R?cGGMzaApa/RéeGM)/Apaa A 348 .
GAMT4BARTAN (R44EP4«SINCTHA) ,p4d’, o1 ) A 349
DELVQ@SQR?fVT4*VT4+V4*V4’TNQ'V§&#V4OCOS(GAMT4deHA4,) A 350

E-8
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480

490
500
510

520
530
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DY » ' _
. PROGRAH»TARG

TH403TH4«CNy
GAMA4OEGAMA4#CNY
GAMT40aGAMT4=CNYV
PRINT 2210

PRINT 2220, EP3,RPP4,RAP4,AP4,ER4, TH40,R4,V4,GAMA4D, VT4, GAMT4O0, DEL

1V4
DUM:SQRT(APA*APdeP4/GM)
TAUP4aPI2eDUM
PDPA4=ONE/DUM
PDPAGOBPDPA4+CNY
DPDCURPDPA4-PDTAL
DPPHO=SLM*DELTH
DPHR=DPPHO/CNV
PRINT 2230, DPPHO
DELVR=a0,0
DLPMquDPDCUaTAUP4*tSFNOS*XN)*DPHR
TTPI=T4*TAUP4~(SFN03*XN}*DPHR/DPDCU
DPDCUORDPDCU*CNYV

DV!T=DELv2¢DELv3~DELV4.DELVR

D_LMRAQaD PMRA4#CNY ' o
DPMRT1'DLHR1¢DLMR2*DLMR300LPMR4

DMRTO=DPMRTL*CNY

PDPA4papDP A4=CNy

DpPDCYO=DPDCyY»CNyY

PRINT 2240 S

PRINT 2250 .
PRINT 2260, TAUP4,PDPA4O, DPDcuo DLMR40 YTRI,DMRTO,DVIT
CALL RANGA (XxP,xDp, XOHEGA PH!Pi)

CALL RANGA (XT,XDT, XOMEGA,PHITY)

Is0LASED '

1COR=0

PHIPL10aPHIP1#CNV

PHIT10aPHITL*CNV

PRINT 2270, PHIPL10O,PHITLO

IF (PHIT1=PI) 480,490,490

PHIT1=PH]IT{#PI2

DPAL=PHITL-PHIPY

Go TO 800

DPALaPHITL~PHIP1

IF (DPA1-DPMRT1) 810, 520.520

DPAL=zDPALeP]2

GO TO 530

DpAL=pPAL

Dri=SENO3*TAUP4sTAUPL/TWOSTAUPISFNO2
DpH1=DLMR1+DLMR3~DPDCU~TAUP4wer03

DpAlgsDPALlwCNY
PRINT 1910, DpA1p
DpH2=DPA1-DRH1=DPHR
Dy2eDPH2/DLPD2
TTEST1aT1+TAYP1/TW0-200,
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TIDY w A - PAGE 32
PROGRAM TARG
TTEST2aT14TAUPL1/TWOSDT2 A 403
75B5TaT1+DT44DT2 A 402
PRINT 1920, SFNO1,SFNO2,SFNO3 A 403
PRINT 2320 | o A 404
CALL PRINT ¢T1,XT,XDT,AZ, PHI, TULO) A 405
CALL RKG (PHIO,AZ0,XT,XDT,T1,7S8ST) A 406
PRINT 2320 o A 407
CALL PRINT (TSBST,XT,XDT,AZ;PHi,TULO) A 408
PRINT 2280 A 409
DPHE 0cDPHY »CNY A 419
DPH20aDPH2 NV , o : A 411
PRINT 2290, DPH10,DPH20,DT2,TSAST,DTL,T1, TTESTY, TTEST? A 412
IF ¢ILIG=4) 630,540,630 i : A 413
TULOSBHUTTLE LIFT-0FF TIME IN SECONDS UNIVERSAL TIMg A 414
Ty, SNUMBER OF paAYS PAST JAN.1 OF LAUNCH YEAR : A 415
LAMDA L = LONGITUDE OF LAUNGH SITE A 416
Ai,82,01  INPUT CONSTANTS R 417
1 OMEGA 8 EARTHS? ROTAT]ON A 418
540 TeT$BST A 419
550 DuMap IeX| AMAL-0MEGA®TULG A 420
PHSV=DYM A 421
CALL MAROT (AAA,DUM,2,1) A 422
DyMnA1eCOS(BLlaClwTY) A 423
ALSyapyM A 424
CALL MAROT (8BB,DUM,3,+1) A 425
CALL MAMUL ¢CCC,BBB,AAA) A 426
CALL MAROT (AAA,AZ-P1/THO,1,1) A 427
CaLl MAROY (BBB,PHI,3,1) A 428
CaLL MAMUL ¢DDD,BBB, AAA) A 429
CALL MAMUL ¢AAA,CCC,DDD) A 430
CaLL FATY (BBB,AAA) A 431
TEMPL ¢4)a0NE A 432
TEMPL (2) s ZERD A 433
TEMPAL (3)=ZERQ A 434
CALL FATHU (TEMP2,BBB, TEMP4 ) A 435
JFLAGBE A 436
560 CALL VGROSS (YEMPI, XT,»XDT) A 437
BSDoYMAG(TEMPI ) /YDOT(XT,XT) A 438
CaLl YUNIT (TEMP4, TEMP3) A 439
CALL VCROSS (TEMPs, TEMP4, TEMP2) A 440
CALL VUNIT (TEMPS, TEMPS) ‘ A 441
Call. VCROSS (TEMP2, YEMPS, TEMP4) A 442
BSVPT=ARTAN (VDOT(XT,TEMPS), VpoT(XT, TEMP2) 1) A 443
IP ¢JLIGHT=1) 570,1450,570 A 444
570 IF ((BSVPT=BSVD)-,0001) 580,584,610 A 445
580 IF (JFLAG=1) 590,620,590 A 446
590 CHECKDESVPT@BSD&DT A 447
IF (CHECK~BSVD) 610,600,600 A 448
800 JFLAG] A 449
D7a(BSyD-BSyPT),B3D A 450
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DY w ' ’
. , PROGRAM TARG
T2z T+ DT ‘

CALL RKG (PH10,AZO0, XT,XDT, T, T2)

TeT2

GO T0 560

PRINT 2320

CALL PRINT (T2, XT;XDT AZ PHI,TULO)
PRINT 2300

PHSVOaPHSVeCNV

ALSVO=ALSVw#CNYV

- BSYPTO=BSVPTCNV
'A0=A1tCNV$BO=B1tCNVSCOBC1*CNV

630
640

6590

660

670
680

690

XLAMDO=XLAMAL*CNY

PRINT 2310, AO,BO,CO,TY,XLAMDO, PHSVO,ALSVO,B8SVPTO
TUTP=T

DT3aT«TSBST

DPHi=pPHi+DPDCU«DT3
DPH2apPAl=DPH1-DPKR

DT2=3DPH2/DLPD2

TTEST2=T1+TAUPL1#DT2

Go 70 640

TUTP=3TSBST

Do 650 I1=1,3

xr<I>HXTsitl)

XDr¢1)ymxDTsi( )

CaLL RKG (PHIO,A20,XT.XDY. Ti.TTEsvi)
CALL RKG (PHIO,A7O0,xP,xDP,71,7TESTY)
PRINT 2320 | ]
CALL PRINT (TTESTY,XT,XDT,Az,PHI, TULO)
PRINT 2330 -

CALL PRINT (TTESTHY, XP XDP,AZ,PHI, TULD)
TeTTESTL

CaLL ECCV (GM,xP,XDP,TEMP3)

CALL TRUE (XP,XDP,TEMP3,PTA)
EP2VMAG(TEMP3)

RPMaVMAG(XP)

APaRPM#GM/ (GM2~ VDOT(XDP;XDP)#RPM)
CalL TIME (AP,EP,PTA,PI!, GM,P!,TGP2)
IF (TGP2-30.,0) 670,670,680

DT11230NE

IF (TGP2~ Tw0>-69o.690.680
T12=2T+DT42 -

CaLlL RKG (PHIO.AZO:XT:XDT;T.Ti?!
Calb RKG (PHIO,AZ0,XP,XDP,T, T12)
TaTi?

Go TO 660

RAPaVMAG(XP)

PRINT 2320 A o
CALL PRINT (Ti?oXT:XDTnAZIPHI;TULO)
PRINT 2330

CALL PRINT (712.XP,xDP Az.pﬂ!.ruLo)

Eell

B
>
[~4
m

fbumbuwh»bl»bdM§»»dm)nbdmsh»dmbdwﬁmbdm»qwn»ia»»Jwy»»qubdwﬁbbdmmn>¢w£dmz»bdwﬁn>a>m

[}
&9

453
452
453
484
455
456
487
458
459
460
464
462
463
464
469
466
467
468
469
470
473
472
473
474
4758
476
477
478
479

480

481
482
463
484

485

486
487
488
489
400
491 -
492
493
494
495
496
497
498
499
500



M-1082

RORTHRO® SERVICES, INC.

T 1DYw S : PAGE 34

PROGRAM TARG

T§Tlat A 301
V=8 QRT (GM/RAP) A 302
CALL vCROSS (TEMPY,XDP,xP) A 303
CALL VCROSS (TEMP2,XP,TEMP1) A 504
CaLlL YUNIT (TEMP2, TEMP2) A 305

Do 700 !ai,3 A 506

700 TEMP3{1)sVYCaTEMP2(I) A 507
Do 740 1s4,3 A 308

710 TEMPL(])aTEMP3(1)eXDP(]) A 509
VRLOYMAG (TEMPYL) A 510
PRINT 4990 A 511
PRINT 2000 A 512
PRINT 2330 A 813
CaLL PRINT (TST1,XP,XDP,AZ,PHi.TULD) A 314
CaLL YCROSS (AM,XP, TEMPZ) A 515
GALL BCGCY (GH,XP,TEMP3,EV) A 516
PRINT 2010, AM(1),AM(2),AM(3),EV(1)EV(2),EV(3),TEMP1 (1), TEMPL(2), A 817

¢ TBMP1(3) A 318
Do 920 l=1,3 . -A 519

720 XDPP(])=TEMP3(]) A 520
08 730 1vl,3 A 321
XPS(1IBXP(]) A S22
XpPS (] I=XDP (1) A 323
XTSCTyaXT(]) A 524

730 XDYS(§IsxXDT (1) . A 525
740 GALL RKG (PM10,AZ0,XT,XDT,TST|,FTEST2) A 526
CALL RKG (PHIB,AZO,XPsXDP,TSTI,TTEST2) A 327
PRINT 2330 o ‘A 528
CALL PRINT ¢YTEST2,XP,xDP,AZ,PHI,TykLOD) A 529
PRINTY 2320 A 530
CALL PRINT (YTEST2,XT,xDT,AZ,PHI, TyLO) A 533
TeTTEST2 A 532
CaLL EGCV (@M, XT,XDT, TEMP3) A 533
RYMoYMAG (X7 ) A 534
ATSRTHwGM/ (GM2=YDOT(XDT, XDT)«RTM) A 335
ET=VYMAG(TEMNRI) A 536
RPPBYMAG ()P A 837
RATDBAT®(ONESET) =DLHD A 338
RPTDaATo (ONE-ET)=DLHD A 539
ETDe(RATD-RPYD)/(RATD*RPTD) A 540
Do 759 1=1,3 A 543
750 TEMP2¢I)s=XP(1) A 542
RPPaYMAB(XP) A 543
CTYAPABYDOT(TEMP3, TEMP2)/(ET#RPP) A 844
RAPSTHORATD2RPTD/ ((RATD+RPTD )« (RATD=RPTDI*CTTAPA) *DLHB A 545
EPS(RAPRPP)/(RAP+RPP) A 846
YPPESART((BN/RPP) « (ONESEP)) A 847
PRINY 2330 A 548
CalL PRINY (TYEST2,XP)XDP,AZ,PHI,TULO) A 849
PRINT 1930 A 580
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TI1DY» L -
- PROGRAM TARG

CALL VCRQSS (TEMP1,XDP,XP) A 554
CALL VCROSS (TEMP3,XP,TEMP1) A 552
CALL VUNIT (TEMP3,TEMP3) ‘A 553

760 TEMP2(])=VPp+TEMP3(]) A 555
Do 770 1s1,3 A 356

770 TEMP1(1)aTEMP2(1)-xDP( 1) A 557
VG2ayMAG(TEMP1) A 558

- IF (1s0LAS.1) 790,780,780 A 559
780 PRINT 2020 A 560
PRINT 2000 A S64
PRINT 2330 ' . A 562
CALL PRINT (TTEST2, XP, XDP, AZ, PHI, TULD) A 563
CALL VCROSS (AM, XP, TEMP2) A 364
CALL ECCvV (GM, xP, TEMPS, EV) _ A 565
PRINT 2010, AM(1),AM(2),AM(3),EV(1),EV(2),EV(3),TEMPL(1), TEMPL(2), A 366
1TEMPL(S) _ A Be&7
790 CONTINUE A 568
Do 800 I=1,3 A 569

800 XDP(l)aTEMP2(I) A 570
~PRINT 1940 A 874
PRINT 2330 L E A 372
CALL PRINT (TTEST2,XP,XDP,AZ,PWi,TULO) A 973
APe({RPP&RAP)/TWO A 574
TAUP2aPl2¢SQRT (APwWAP®AP/GM) ‘A 875
TTEST3=T+(TAUP2«SFNO2)e250, A 878
JPAS=0 : A 377

- KPAS=0 ‘ o A 578
CALL RKG (PHIO,AZO0,XT,XDT,TTEST2, TTESTS) A 879

- CALL RKG (PHI0,AZ0,XP,XDP,TTEST2,TTEST3) A 580
PRINT 2320 : A 381
CALL PRINT (TTEST3,XT,XDT,AZ,PHi,TULD) A 582
PRINT 2330 | A 383
CALL PRINT (TTEST3,Xp,XDP,AZ,pHi,TULO) A 884
Dr22=5,0 : A 883
T=TTEST3 A 586

810 CaLL ECCy (GM,xP,xDP,TEMP1) A 587
. EPasyMAG(TEMP1) A 588

- CALL ECCV (GM,xT,yDT,TEMPA) A 589
ETaVMAG(TEMP4) - A 500
RMTaVMAG( XP) _ ] A 891
APsRMT#GM/ (GM2-vDOT(XDP, XDP)y«RMT) A 892
RAPzAPe (ONESEP) A ‘ A 503
PPzAPy (ONE=EP#EP) A 504

DRTEST=RAP=-VMAG(XT)eDLHD=100, A 395

CalL TRUE (XP,XxDP,TEMP1,PTA) A 596

IF (ET-TOLE) 820,940,940 A 897

820 IF (DRTEST) 830,830,900 A 998
830 IF (PTA=PI) 840,870,870 A 599
A 600

840 CaLL TIME (AP,EP,PTA,Pi,GM,P1,T83)
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PROGRAM TARG

PRINT 41720, TG3

IF (TG3-10,) 860,850,850
T188T+DT22 . .
CALL RKG (PHIO,AZO,XP,XDP,T,Tig)
CaLL RKG (PHIO,AZ0,XT,XDT,T,Tig)
T=T18

IF (JPAS-1) 810,870,810
DT22=TG3

JPASEY

Go TO 850

RCPaVMAG (XP)

PRINT 1730

VCP=SQRT(GM/RCP)

CaLL VCROSS (TEMPi.XDP.XP)

CALL VCROSS (TEMP4,XP,TEMP1)
CALL yyUNIT (TEMP4,TEMP4)

Do 880 1=1,3

TEMP2¢ 1)=VCP+TEMP4(])

Do 890 1=1,3

TEMP3¢ 1)aTEMP2( 1) . XDP(I)

V3= VMAG( TEMP3)

GO TO 1140

RS=YMAG(XT)=DLHD
PTASla=ARCOS((PP~-RS)/(EP*RS))epi2
PRINT 1900

CALL ECCV (GM,xP,XDP, TEMPY)

CALL TRUE (XP,XDP,TEMPL,PTA}
PHTSTePTASI=PTA

IF (PHTST) 870,910,910

CALL TIME (AP,EP,PTA,PTASI,GM,P1,TG3)
PRINT 1740, TG3

IF (TE3=10.) 930,920,920

T18aT+DT22

CALL RKG (PHIO,AZO,XT+XDT,¥,T{a)
CalL RKG (PHIO,AZO,XP,XDP,T,Tig)
To718

If (KPAS=~1) 810,870,810

D72287G3

KPpASaq

GO TO0 920

RMTBYMAG(XT) '

ATSRMT @AM/ (GM2=vDOT (XDT,XDT ) #AMT )
RATDsAT*(ONE«ET)~DL HD
REeTDRAT*(ONE=BT ) DLHD

A7De (RATDeRPTD) /510
E7Da(RATD=RPTD) /(RATD+RPTD)
PyDoATDe (ONE=E7DeETD)
TEMP2¢I)aw TEMPL( 1)
CTAP&@VDOTQTEMP2,TEMPQ)/(ET.EP}
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*TI1DY« C PAGE 37
4 PROGRAM TARG :
RTD=PTD/(ONE+«ETDwCTAPA) A 651
DRTESTaRAP=RTD=100.0 A 652
IPASS1=0 A 653
IF (DRTEST) 1020,960,960 A 654
960 CALL VCROSS (TEMP2,XP,XDP) , A 653
CALL VCROSS (TEMP3,TEMP2,XOMEGA) A 686
CALL VCROSS (TEMPS5,TEMP3, TEMP2) A 657
SINAPaVDOT(TEMP1, TEMPS)/(EP#VMAG ( TEMPS) ) A 658
COSAP=VDOT (TEMPY, TEMP3)/(EP8VMAG(TEMPS)) A 659
ALFAP2ARTAN(SINAP,COSAP,q) - A 660
CALL VCROSS (TEMP2,XT,XDT) | A ge1
CalL VCROSS (TEMP3,TEMP2,XOMEGR) A 662
CalL VCROSS (TEMPs, TEMP3, TEMP2) , A 663
SINAT=VDOT(TEMP4, TEMPS) /(ETwVMAG( TEMPS)) A 664
COSATaVDOT(TEMP4, TEMP3)/(ETwVMAG(TEMPS)) A 665
ALFATSARTAN(SINAT,COSAT,1) A 666.
DELAL®ALFAT=ALFAP , A 667
D=ETD«PP«COS(DE| AL )=PTD*EP A 668
E=-ETD*PP*SIN(DEL AL ) A 669
FzpTD=ppP A 670
Ams (EwEeD*]) A 671
BzTWQeF *E A 672
CeDeD.F#F A 673
RAD=(BwB4 wAw(C) A 674
STIz(=B=SART(RAD))/(TWO®A) A 675
STIIz(=-B+SQRT(RAD))/(TWOeA) A 876
IF (ST1) 970,970,980 A 677
970 PTASI==PI~ARSIN(STI) A 678
Go TO 990 - A 679
980 PTASI=-Pl=ARSIN(STI!) ' A 680
990 CALL TIME (AP,EP,PTA,PTAS!,6M,pi,TG3) A 681
IF (TG3s10,) 1000,1000,1010 A 682
1000 Dr22=7G3 A 683
IpasSl=1 A 684
1010 T18=T+DT22 , ‘A 685
, CALL RKG (PHIO,AZO,XP,XDP,T,Ti8) A 686
CALL RKG (PHIO,AZ0,XT,XDT,T,T{8) A 687
T=T18 3 A 688
IF (IPASSIeq) 840,1040.810 A 689
1020 IF (PTA<PI!) 1030,1030,1040 A 690
1030 PTASI=PI A 691
GO TO 990 A 692
1040 RPM=YMAG (XP) A 693
PRINT 2320 . A 694
CALL PRINT (T418,XT,XDT,AZ,PHI,TULO) A 695
PRINT 2330 L A 696
CALL, PRINT (T18,XP,XDP,AZ,PH],>TULD) A 697
CALL ECCyY ‘GHoX?oXDT‘aTEMPS-) 6 698
RTM=YMAG(XT) A 699
A 700

AT=RTMe«GM/ (GM2-vDOT (XDY,XDT)*RTM)
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DY »
PROGRAM TARG

ET=VMAG(TEMP1)

RAT=AT*(ONE&ET)

RPTzAT«(ONE-ET)

CaLL VCROSS (TEMP2,XDP,xP)

CALL VCROSS (TEMP3, TEMPY, TEMP2)
CTTAPP=VDOT( TEMPL, XP)/ (RPM«ET)
STTAPP&VDOT(TEMP3, XP)/ (VMAG(TEMP3) « RPM)
P7eaATa (ONE~ETWET)

RRTEPT/(ONESET«CTTAPP)

DELRieRRT~RPM

BeRPM=RAT=RPT

IF (DELR1) 1050,1050,1060

BueB '

CoRAT#RPT*RPM/TWO* (CTTAPP*(RPT=RAT)*(RAT+RPT))
DLH1isABS((-B+SQRT(B*B=4,%C))/TW0O)
DLH2=2ABS((=-B~SQRT(B%B=4,%C))/TWO)
DELR=ABS(DELRY)

DRT1=ABS(DELR=-DLHY)

DRT235ABS(DELR=DLH2)

IF (DRT1=DRT2) 1090,1070,1080

DLHDP=DLHY

GO TO 1090

DLHDP=DLH2

IF (DELRL) 1100,1100,1110

DLHDP==DLNDP

RPP=RPT =D\, HDp

RAP=RAT-DLHDP

Ep=(RAP=RPP)/(RAP+RPP)

APz (RAP*RPP)/TWO

PPeAPo(ONEEPEP)
YP=SQART(GM/PP)«SQRT(ONE+EP+EP« TWO*EP*CTTAPP)
CAMMPG ARTAN(EPwSTTAPP, ONE«EP+CTTAPP,=1)

CALL VCROSS (TEMPY, XDP, XP)

CALL VCROSS (TEMP2, XP, TEMP1)

CaLL VUNIT (TEMP3, TEMP2)

CALL VUNIT (TEMPYL, xR}

Do 1120 I=3,3 _
TEMP&(EDEVP*COS(GAMMP)wTEMPS(f)*VPtSIN(GAMMP)*YEHPitl)
Do 4130 1=1,3 o '
TEMP1(I )= TEMP2(1)«XDP(1)

VE3IsVMAG(TEMPYL)

IF (180LAS~1) 1160,1150,1150

PRINT 2030

PRINT 2000

PRINT 2330 ,

GALL PRINT ¢T18,XP,XDP,AZ,PRI,TULOD)

CaLL VCROSS (aM,XP,TEMP2)

CaLL ECCVY (GM,XP,TEMP2,EV)

PRINT 2010, AMCLIAME2) s AMI3)LEVEL) SEV(2)JEV(3), TEMPL (1), TEMPL(2),

1TEMP1(¢3)
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PROGRAM TARG

CONTINUE

Do 1170 1=1,3

XDP(])aTEMP2(1)

ICOR31COR~+1

Te718

PRINT 2040

PRINT 2320

CALL pRINT (718,xT,XDT, AZ,pH1,FULO)
PriNy 2330

CALL PRINT (T18,xP,xDP, Az,PH! TULO)
CALL RKG ¢PWIlO, A20,xT,xDT,T, TUTP)

CALL RKG (PH!O, AzO, XP XDP, T, TUTP)

PRINT 2050

PRINT 2320

CALL PRINT (TuTP, XT, XDT AZ PHI' TULO)

PRINT 2330

CALL PRINT (TutP,xP,XxDP,AZ,PH], TULOD)

IF (Tia TUTP*SSFN03¢TAUP4-1000 y 1200,1200, 1160
SFNO3=SFNO3+,5

Do 1190 I=1,3

XT<I>;XTSI(!)

XDT(1)sXDTS4 (1)

XP(1)sXPS1(1)

XDP(1)=XDPSY (1)

PRINT 1950

TuLO=TULOS

DTsDTS

Go TO0 440 :

CaLL VCROSS (TEMP1L,XP, XDP)

CALL VCROSS (TEMP2,XT.XDT)

CaLL VCROSS (TEMPS,TEMPYL,TEMP2)
NATPaARCOS(VDOT(TEMPloTEMP2)/(VHAG(TEMPl)'VMAG(TEMR2)))
CALL RANGA (XP,XDP,XOMEGA,PHIP)

CALL RANGA (XT,XDT,XOMEGA,pPHIT)

CaLl, VCROSS (TEMP1,XTsTEMP5)

CALL vCROSS (TEMP2,TEMPB,TEMPL)
sprNrsvDOT<TEMpz.x7)/(VMAscrEMPZ)-vMAG(xT))
CosPNravDOT(TEMPB.XT)/(VHAG(TEMPS)-VMAG(xT))
PHINT=ARTAN(SINPNT,COSPNT,1)

CALL VCROSS (TEMP1,XP, TEMPS)

CALL VCROSS (TEMP2, TEMPB, TEMPI)
SINPNP=VDOT(TEMP2, XP)/(VMAG(TEMPZ)-VMAG;XP))
COSPNPaVDOT(TEMPS5, XP)/(VMAG( TEMPS)# VMAG( XP))
PHINPaARTAN(SINPNP, CDSPNP 1)
TEMP1(¢1)sCOS(PHI)

TEMPl(Z)aS!N(PH!)QS!N(AZ)
TEMPL(3)==SIN(PHI)*COS(AZ)

CaLl VCROSS (TEMP2,XT,XDT)

CALL VCROSS (TEMP3,TEMP2,XOMEGA)
THNT=ARCOS(VDOT(TEMPY, TEMP$)/¢VMAG(TEMP1)tVMAe(TEMPs)))

E~17

PAGE

(B 15 A5 N5 P -U% "S5 UE U} TP )-)f)f)f)op.po)»i:btb«)sb-ﬁebuﬁ.b.b.):j.).)'ﬁlj..);').).j.oy.me);j»-).}.-§|$'$~$

39

784
752
753

754

783
756
757
788
759
760
761
762
763
764
7653
766
767
768
769
770
7738
772

773

774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
794
798
796
797
798
799
800



T 1

1210
1220
1230
1240

1250

1260

1270
1280

1290
£300
1310
1320
1330

1349
1350

1360
1370
1380
1390
1400

£410
1420

NORTHROP SERVICES. iNC.

M-1082

Dy « 4
PROGRAM TARG

CALL VCROSS (TEMP2,XP,XDP)
gﬁhk vggggs (TEMP3, TEMP2, XOMEGA)
=A (VDOT(TEMPL, TEMP3)/(VMAG(T ’
DTHE=THNTQTHNP (VMAG(TEMPY) VMAG(TEMPS)))
DTHEQ=DTHE#CNV
PRINT 2060, DTHEO
IF (WATP<WATOL) 1320,1210,1219
IF (PHINT=P1) 1220,1220,1270
Ifr (PHINP=P1) 1240,1240,1230
DELPHaPHINT«PHINP .
Go TO 1420
DELPHaPHINT=PHINP
IF (ABS(DELPH)epl) 1260,1260,1250
PHINPapHINP+pI2
DELPHsPHINT=PHINP
Go 70 1420 ;
DELPHaPHINT.PHINP
GO TO 1420
1IF (PHINP=P1) 1290,1290,1280
DELPH=PHINT.PHINP
GD TO 1420
?ELPH.PHINT-PHINP
[F (ABS(DELPH) =PIy 1300 , 134
DELPHEPHINTPHINP 11300, 1310
GO TO 1420
PHINTaPHINT&PI2
DELPHaPHINT-PHINP
?ﬁ ?g 1420
F (PHIT=PI) 1330,1330,137
DELPHaPHIT=PHIP 0+1330,1370
gg sigéﬁsgé;H1420,14zo.is4o
y=Pl) 1350, il
DELPH=PH]IT=PHIP +350,1360. 1360
GO TO 1420
PHIT=PHIT+PI?
DELPHSPH[T-PHIP
60 TO 1420
IF (PHIPePl) 1330,1380
DELPHEPHI T=pHip o O+ 1410
IF (ABS(DELPH)<P]) 1390,1400,14¢
DELPHaPH] T=PHIP +1400.2400
GO TO 1420
PHIPapHIpP+p] 2
DELPH=PHIT=PHIpP
Gop To 1420
DELPH=PHIT-pHIp
DELPHOsDELPH«CNy
WATPOaWATPRCNY
PHIPOzPHIPwCNy
PHITOzPHIT«CNY

E-18
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PHINTO=zPHINT#CNV
PHINPOsPHINPwCNYV

PRINT 1970, WATPO,PHIPO,PHITO,PHINTO, PH!NPO

PRINT 2070, DELPHO
IF (JLU16-1) 1460,1430,1460
IF (1SOLAS~1) 1460.1440 1460
JLIGHT=1
GO TO 550
BSVPAO=BSVPT#CNYV
PRINT 1960, BSVPAO
GO T0 1650
CONTINUYE
PRINT 2080, ICOR
g: :Icg?5$& 1470,1530+1560
AB E)=,02/CNV) 153 8
DLTLOSDTHE /OMEG 1530414801480
TULO=TULO*DLTLO
T=TST]

- PRINT 1980, DLTLO

1490

1500

4510

TUTP=TUTP=DLTLO

Do 1490 181,3

XTR1({)=XTS(])

XT(1)=XTS(])

XDT(1)=XDTS (1)

DpHEE=DEL P H=DPHR

TDTLO=T+DLYLO -

CALL RKG (pHIO, AZO,XT, XDT 'TST1,TDTLO)
PRINT 2320

CALL PRINT (TDTLO,XT,XDT,Az,PHi,TULO)
Do 1500 [=1,3

xrR2<r>sxT<!>

DLPLOC=ARCOS(VDOT(XTR1, XTR2)/(VMAG¢XTRl).VMAG(XTRZ)))

DLPLOC-(DLTLO/ABS(DLTLO))-DLPLOG

DLTTis(DLPLOC~ ((DLPLOC.DFDCU)/DLPD?) DLTLO«DPDCU) /DLPD2

DLTT2=DPHEE/(DLPD2-DPDCU)
DLTTT2aDLTTLeDLTT2
TTEST2=TTEST2+DLTTT2

CALL RANGA (XT,XDT,XOMEGA,PHITT)
CALL VCROSS (TEMPYL,XT,XDT)

CALL VCROSS (TEMP2,TEMPY, XOMEGA)
CALL VUNIT (TEMP4, TEMPy)
DuM1=vDOT<XOMEGA.TEMP4)

DUMsDUML »DUMY
XINT=2ARTAN(SQRT(ONE~ DUM).DUM1 1}
TEMPL(1)=COS(PHI)
TEMPL(2)sSIN(PHI)*SIN(AZ)
TEMP1(3)==SIN(PHI)*COS(AZ)

THTNT8ARCOSCVYDOT(TEMPL, TEMP2)/ (VMAG(TEMP2)))

THTNEeTHTNT =D THE
CALL MAROT (AAAoAZ’Pllaoaini’
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PROGRAM TARG

CALL MARQT (BBB,PHI,3,1)

CALL MAMUL (CCC,BBB,AAA)

CALL MAROT (AAA,THTNE,2,-1)

CALL MAROT (BBB,XINT,1,=1)

CALL MAMylL ¢DDD,BBB,AAA)

CallL MAMyL (Aaa,DDD,CCC)

CaLL MAMyL (CCC,BBB,AAA)

CALL FATT (DDD,CCC)

RRTeaVHMAG(XT)

VY TeVMAG(XDT) o
GAMMAGARSIN(VYDOT(XT,XDT)/(RRT4VVT))
TEMP1¢1)=RRY

TEMPL (2)=ZERO

TEMP1(3)=ZERD

CaLL FATMU (XT,DDD,TEMP1)
TEMP1(1)sVYT#SIN(GAMMA)
TEMP1(2)=2ERQ
TEMP1(3)aVVT*COS(GAMMA)

CALL FATMU (XDTY,DDD,TEMP1)

T=T8T1

Do 1520 I=1,3.

XDP(1)=XDPS(1)

XTS(1yaXT(])

XDTSC1)=xDT(I)

XP(1)aXxPS(1)

TUsT+TULO

IF (JINS) 1670,740,1670
DPHEE=®DELPH=DPHR .

IF (ARS(DPHEE)=,05/CNV) 1580,1580,1540
DYTT28DPHEE/(DLPD2-DPDCU)

T=7ST]

Dp 1590 1=21,3

XP(1)aXPS(])

XDP(1y)aXDPS ()

XT¢L)eXTS(])

XDT(IyaXDTS (1)

TUsTSTIeTULO

TTEST22T7TEST24DTTT2

Go TO 7490

DPHEEsDELPH-DPHR

I¥ (ABS(DPHEE).,05/CNV) 1570,1570,1540
IF (ABS(DTHE). 02/CNV) 1580,16140, 1610
PRINT 2090 ,

IF (180LAS»1) 1596,1650n1650
IS0LAS=4

DTYLOT=aTULO=TULOS

PRINT 1980, DTuLOT

T=TST}

Do 1600 1=21,3
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_ PROGRAM TARG

XP(1)aXPS(I) A 931
XDP(I)aXDPS(1) A 952
XT(1)=XTS(]) A 953

1600 XDT(I)aXDTS(1I) A 954
GO TO 749 A 955

1610 DLTLO=DTHE/OMEGA A 956
DO 1620 I=4,3 A 957
XTRL(1)=XTS(1) A 938

| XT(1)eXTS(]) A 989
1620 XpT(l)axpTS(l) A 9080
TULO=TULO*DLTLO A 961
TeTST] A 962
PRINT 1980, DLTLO A 963
TUTP=TUTP=DLTLO A 964

Dp 1630 1=1,3 A 905
XTR1(I)=xTS(I) A 966
Xy(I)axts(l)y A 967

1630 XDT(I1)=sxDTS(]) b 968
TFaTST1eDLTLO | | A 969

CALL RKG (PHIO,AZO,xT»XxDr,vsTi,¥F) A 970
PRINT 2320 L A 971

CALL PRINT (TF,xT,xDT,Az,PHi,TulO) A 972

v DO 1640 I=1,3 A 973
1640 XTR2(1)aXT(!) _ A 974
DLPLOCa ARCOS(VDOT(XTRL, XTR2) /{ VMAG( XTRL)w VMAG(XTR2))) A 975
DLPLOC=(DLTLO/ABS(DLTLO))#DLPLOC _ A 976
DLTT1=(DLPLOC-((DLPLOC«DPDCU)/DLPD2)DLTLODPDCU) /DLPD2 A 977
TTEST2aTTEST24DLTTY A 978

Go TO 1510 A 979

c. A 980
c - A 981
1650 TIMLAU=TULOS«DTULOT A 982
, TIMINETULOS@DTULOTeTL L 4 A 983
CALL RKG (PHIO,AZO,XTLO,XDTLO, TULOSY»TIMLAV) A 984

Do 1660 1=1,3 A 985
XT(1)aXTLO(T) A 986

1660 XDT(I1)=sXDTLO(I) A 987
JINSs{ A 968
KINS=0 A 989
DTHESOMEGA+DTULOT A 990

GO TO 1510 A 991

1670 Ir (KINS) 1680,1600,1680 A 992
1680 PRINT 2340 A 993
PUNEH 2350, XT,XpT A 994
PUNCH 2350, X7,XDY A 995
PUNCH 2100, XT,xDT L A 996

CALL PRINT (T1,XT7.XDY,AZ,PH{,TuL0S+PTULOT) A 997

Gp 70 1710 . A 998

1690 CALL RKG (pHID,AZO,XTS1,XDTSL,TULOS*TL,PIMIN) A 999
. KiNseq A1000

E\-‘Zl
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PROGRAM TARG

PRINT 2370
PRINT 2360, xT,XxDr . .
CALL PRINT (0,0,XT,XDT,AZ,PHI,TiMLAU)
Do 1700 I=1,3 : '
XT(1)=XTSL(])

$700 XDT(I)aXDTS4(1)
GO TO 1510

3740 PRINT 2380, TIMLAU

5720 FORMAT (1E16,8//)

1730 FORMAT (32H CIRCULARIZE W/0 C D H EQUATIONS//)

1740 FORMAT (1E16,8//)

1750 FORMAT (212)

1760 FORMAT (5E15,8/2E15,8)

1770 FORMAT (17H NORTHERLY LAUNCH//)

4,780 FORMAT (17H SOUTHERLY LAUNCH//) o

1790 FORMAT (7H - TIMEE15.8,7H = ATEL5.8,7H ETE15.,8,7H XENCTOCE15,
18/7H THNTQE15.8,7H ALFATOE15,8,7H PHMII10EL5,8//)

1800 FORMAT (49H ORBITAL ELEMENTS OF SPACE STATION IN-PLANE POINT/)

1810 FORMAT (35H FIRST GUESS ON THE LAUNCH AZIMUTH=E415.8//)

1820 FORMAT (38M INSTANTANEIOUS LATITUDE OF INSERTION=E15.8///)

1830 FORMAT (32H DESIRED LATITUDE FOR INSERTION=EL8,8///) '

1840 FORMAT (21H THIS 1S THE SOLUT]ON)

ié?aiFggg?T (52H DESIRED VALUE OF INCLINATION FOR TARGETING PVRPOSE=E15

1860 FORMAT (61n INSERTION CONDITIONS DETERMINED FROM STBADY STATE TRAY
1ECTORY//)

5870 FORMAT (46WH ACTUAL LAUNCH AZIMUTH FROM ORBITER INSERTION=E15.,8//)

1860 FORMAT (40H STATE VAR!ABLES oF QRBITER AT [NSERTION/7H XPE15,8
1,7H YPEL5,8,7H ZPE18,8/7H XDPE15,8, 7H YDPEL5,8,7H

. 2F2D@Eis.8s/>

1890 PORMAT (59H STATE VECTOR OF SPACE §TATION AT TIME OF ORBITER INSER
1TI0N/7H XTEL15,8,7H YTE(5,8,7H 2TE15,8/7H xDTE18.8,7
oH yDTE15,8, 7H ZDYE15,8///)

1900 FORMAY (39H INTERSECT!ION ASSUMMING CIRCULAR ORBIT=E15,8///)

4910 FORMAT (18H PHASE ANGLE DPA1gE153,8/)

3920 FORMAT (3E16,8//)

1930 FORMAT (35H BEFORE PERJGEE BURN AT TIME TTEST2/,/)

1940 FORMAT (35M AFTER PERIGEE BURN AT TIME TTEST2///)

5.950 FORMAT (72H4SFNO3 HAS BEEN BUMPED BY .5 BECAUSE THE TIME OF TP] Oc
1CURRED BEFQRE CDH///) '

iggg ig:::g :;gH THE SOLAR VECTOR %NGLE ACHIEVED=E15,8//)
0 WATPOE15,8,7H PHiPDEL15,8,7H PHITOE15,8,7H PHINTOE1LS,
18,7H PHINPEL15.8//) | ’ EL3 ! +2

19@0150RMAT (50H THE LAUNCH TIME SMOULD BE ADJUSTED BY DELTA TULO2E15.8

1990 FORMAT (62HL{TARGETING VALUES FOR THE CgV NM CIRCULARZATION AT
1 APOGEE//) ov 100 l H )

2000 FORMAT (29H POSITION VECTOR FOR IGNITION//)

2010 FORMAT (37H TARGETING VALUES FOR DESIRED ELLIPSE/24H ANGULAR MOMEN
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. PROGRAM TARG

1TUM VECTOR/7H AM(1)EL15,8,7H AM(2)E15,8,7H AM(3)G15.8/20H ECCENT

2RICITY VECTOR/7H EV(1)E15.8, 7H ‘EVC(R)EL548,7H EV(3)E15,8/29KW VEL
30CITY TO BE GAINED VECTOR/7H VG(1)EL5,8,7H VG(2)E15.8,7H Ve(3)g .

415,8//) :

2020 FORMAT (42H1TARGETING VALUES PR THE COV PERJGEE BURN//)

2030 FORMAT (46W1 TARGETING VALUES FOR THE CDW MANUVER FOR COV/)

2040 FORMAT (28HICDH HAS BEEN ACCompl ISHWED////) = |

2050 FoRMAT (23HIUNIVERSAL TIME FoR Tp1////)

2060 FoRMAT (6H DTWEQE15,8///)

2070 FORMAT (7H DELPHOE18,68//) o .

2080 FORMAT (32WIBEGIN NExT IsOLAT{ON LOOP 1COR=1]2)

2090 FORMAT (21HITHIS 1S THE SOLUTION///)

2100 FORMAT (6EL3,8) A _ ' _

2110 FORMAT (42H PAPAMETERS FOR- 50%4100 N,M, PHASING ORBIT///)

2120 FORMAT (7H RRPE15,8,7H  VVYPE15,8,7H GAMMAPEL5,8,7H . EPE1S5,
18/7H  APE15,8,7H - HAPE{5,8, 7H HPPEL5,8,7H PHDOTPEL5,8//)

2130 FORMAT (32H PARAMETERS FOR THE TARGET 0RBIT///) '

2140 FORMAT (7H RRTE15,8, 7H VVTE15,8,7H GAMATOE4S,8,7H = ETE15,
18/7H ATE15,8, 7H HATEL5,8, 7H HPTEL5,8,7H PHDOTTELS,8//)

2130 FORMAT (74H CATCH UP RATE AND aANGLE FOR THE HALP ORBIT OF: THE 50X1
100 NM_PHASING QORBIT///) L

2160 FORMAT (23H ORBITAL CATCH UP RATE®EL5,8//49H ANGLE OF CATCH UPEE1S
1,8//32H TIME AT APOGEE OF 50xig0 ORBIT®E15,8) .

2170 FORMAT (51H FIRST MANUVER TO CIRCULARIZE 80X100 AT ITS APOGEE//)

2180 FORMAT (7H RCPE15,8,7H ~ VCPE15.8,7H TAUCPEL15,8,7H PDOTCOE15,
18/7H DLPD2E15,8,7H DLMR20E15,8,7H DELV2E18,8,7H T3EL5.8//7)

2190 FORMAT (66H SECOND BURN TRANSFER OUT OF 100 NM CIRCULAR TOWARDS
1 COELLIPTIC///) :

2200 FORMAT (16H ORBITAL PERIOD=E1%,8/49M MEAN ORBITAL RATE=EL5.8/15H ¢
1ATCH UP RATE=E15,8/21H IMPULSE REQUJREMENTSELS,8/18KW TIME! INTO FL]
2GHTREL5,8/7H DPHR3E15.8///) o : -

2210 FORMAT (45H COELLIPIC ORBIT PLACING YEWICLE IN cDW ORBIT///)

2220 FORMAT (7H EP3E15.8,7H  RPP4EL5,8,7H  RAPAE15,8,7W  AP4E1S5,
18/7w  EP4E15,8,7H - TH4O0E15,8,7H RAEL%,8,7H V4ELS,8/7H g
2AMA4QE15,8,7H VT4EL5,8,78 GAMTA0E15,8,7H DELV4E15,8////)

2230 FORMAT (504 THE TPI [OGNITION ANGLE IN RELATION 70 THE TAAGET=E15,8
1) .

2240 Fonn?? ;61H THIS SECTIoN DETERMINES THE CATCH Up RATE IN THE :CDH
1. oRBIT/ o

2250 FORMAT (77H IT ALSO SUMS UP THE DELTA VELOCITY AND CATCH UP ANGLE
1 FOR THE TOTAL MISSION/) o

2260 FORMAT (7H TAyP4E15,8,7H PBPA4OELS,8,7H DPDCLOELS,8,7H DLMR4OELS,
18/7H  TTPIE15,8,7H DMRTOEL5,8,7H DYITEL15,8///)

2270 FORMAT (24H RANGE ANGLE OF PURSUITzE153,68//23H RANGE ANGLE OF TARGE .

1TeE15,8///)
2280 FORMAT (29H COMPUTATIONS FOR SECTION. 4-8//) '
2290 FORMAT (7H DPHi0E15,8, 7H PPH20E15,8, 7H D_TZElBoB,?H TSBSTE15,
18/7H  DT1E15,8, 7H T1E15,8,7H TTESTL1E15,8,7H TTEST2E45,8///)
2300 FORMAT (50H COMPUTATIONS FOR LIGHTING. CONDITIONS SECTION 4-10//)
2310 FORMAT (7H AQE15,8,7H BOE15,8,7H  COEL15,8,7H - TYE1L5,

E<23
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PTIDY PAGE 46
PROGRAM TARG 2
18/7H LAMDAOE15.8,7H PHSVOEL5,8,7H ALSVOE15,8,7H BSVPTOEL5.8/) A1101
2320 FORMAT (23H STATE OF SPACE STATION//) | A1102
2330 FORMAT (17H STATE OF ORBITER//) 1103
2340 FORMAT (36H STATE VECTOR OF TARGET AT INSERTION//) | 1104
2350 FORMAT (6E13,6) ) 31305
2360 FORMAT (7H XTE15,8,7H YTEL5.8,7H ZTEL5.8,7H  XDYE15, .A1106
18, 7H YDTE15.8,7H IDTEL5,8,//) 31107
2370 FORMAT (35H STATE VECTOR OF TARGET AT LIFT OFF//) : A1108
2380 FORMAT (28H THE UPDATED TIME OF LAUNCHRE1S,8//) A1109

END A1110o
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SUBROUTINE RK713 (70, TF TOL X1, %, N KT+ M, BETA ALPH,CH,T1,AB)

SUBROUTINE RK743 (TO0,TF,TOL,XI,X,N, KT M,BETA, ALPH CH,TI, AB)
SEVENTH ORDER RUNGE=KUTTA INTEGRATION WITH STEPSIZE CONTROL

TF CAN BE GREATER THAN T! OR LESS THAN T! AND RK713 WILL WORK

M IS THE NUMBER OF STEPS NEEDED

N IS THE NUMBER OF DIFFERENT!IAL EQUATIONS

KT IS MAX NUMRER OF ITERATIONS

ARRAY F STQRES THE 13 EVALUATIONS OF THE DIFFERENTIAL EQJATIONS
SUBSCKIPTS FOR ALPHA,BETA, AND €H ARE +1 GREATER THAN FEHL BERGS
F(O) IN FEHLBERGS REPORT IS IN r(i J)

FeIY 1S IN F(le1,d)

FEHLBERGS REPORT REFERENCED IS NASA TR R- 287

PARAMETERS FOR DEQ SUBROUTINE MUST BE STORED IN COMMON
DIMENSIONS MUST AGREE WITH NUMBER OF DIFFERENTIAL EQUATIONS AND
NUMEBER OF CONSTANTS IN THE PARTICULAR FEHLBERG FORMULA USED
DIMENSION F(13,6), XDUM(6), TE(&), X1(6), ALPH(13), BETA(13.,12), X
1(6), CH(13), AB(3), ACCO(3I)

T=T0

DT=TFeTO

M=0 .

DO 10 [=1,N

X(Iy=xl(l)

CALL DEQ (X,T,TE,AB,T!)

Do 30 1=1,N

F¢l,1y2TEC(C])

Do 70 K=2,13

Do 40 I=1,N

ADUMCT)=X(])

NN=zK-1

Do 50 I=1,N

DO 50 J=1,NN |
XDUMCI)=XDUM(I)+«DT*BETA(K, J)*F(J, 1)

TDUM=T+ALPH(K)4DT

CaLl DEQ (XUUM,TDUM,TE,AB,TI)

Do 60 I=1,N .

F(K,1)y=TE(])

CONTINUE

Do 80 I=1.N

XDUM(T1)=X(1)

Do 90 I=1,N

Do 90 L=1,13 ,

XCD)=X (1) +DT*CH(L)Y*F (L, 1)

EPS=1.,

oo 12u I=1,N

IF ALL THE VARIABLES BEING INTEGRATED.HAVE MAGNITUDES WHOSE
ABSOLUTE VALUES ARE ALWAYS MUCH LESS THAN 1., THEN A VALJE
"OF EPS LESS THAN NNE MAY NEED TO BE USED TO ACH!EVE AN ACCURACY
AS-SPECIFIED BY ToL.

IF (ABS(XDUM(I))-FPS) 100,110,110

AzEPS

Go 7o 120
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A=XDUM(T)

M-1082

* .
! SUBRQUTINE RK713 (TO,TF.TOL.XI.X;N.KT:M.BETAoALPH,CHoTI;AB)

TE(I):DT*(F(1,1)+F(11.I)-F(iz;1>~P<13,1))*41./840./A
ER=ABS(TE(1))
Do 140 I=2,N .
IF (ABS(TE(1))<FR) 140,140,130
ER=ABS(TE(]))

CONTINYE
DT1=DT
M=Mel
AK=,8

DT=AK#DT1*(TOL/ER)»w, 125

IF (ER-TOL) 150,150,180

T=T+DT1

IF (ABS(DT)<ABS(TF-T))

O0T=7Fa=-T
CONTINUE
GO TC 2u0

JC 190 I=1,nN
XCI)=xDUM(])

IF (MeKT)
IF (T-TF)
TF=T
RETURN
END

210,220,220
20,230,2n

170,170,460

. E-26
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DY »

SUBRQUTINE RKG (PHIL,AZ,X1,DX1,T1,TF)

DIMENSION X(6), DX(6)» ALPH(13), BETA(13,12),
1, DX](3)

Do 10 1=1,3
Xthysxlcn)
X(I+3y=DXI(1)
GM=3,9860319E14
RCONV=,1745329252E-01
RPHIL=PHIL*RCONV
RAZ=AZ#RCONV
AB(1L)=SIN(KPHIL)
AC3=COS(RPHIL)
AB(2)5~AC3+SIN(RAZ)
AB(3)=AC3I*COS(RAZ)
Do 30 1=1,13

Do 20 J=1,12
BETA(IIJ)=0-

ALPH(1)=0,

CH(I)=0,
CH(6)=34,/105,
CH(7)=9|/35.
CH(8)=CH(7)
CH(9)=9,/280.
CH(10)=CH(9).
CH(12)=41,/840,
CH(13)=CH(12)
ALPH(2)=2.,/27.
ALPH(3)=1./9.
ALPH(4)=1,/6.
ALPH(5)=5,/12.
ALPH(6)=,5
ALPH(7)=5./6,
ALPH(B)=1,/56,
ALPH(9)=2,/3,
ALPH(10)=s1,/3,
ALPH(11)=1,
ALPH(13)=1,
BETA(2,1)=2.,/27.
BETA(3,1)=1.,/36.
BETA(4,1)=1,/24,
BETA(S5,1)=5,/12,
BETA(6,1)=,05 ‘
BETA(7,1)=-25,/108.
BETA(&,1)=31,/300.
BETA(9,1)=2,
BETA(10,1)=-91,/7108,
BETA(11,1)=2383./74100.
BETA(12,1)=3./205.
BETA(13,1)==1777,74100,
BETA(3,2)=1./12.

E-27

SUBROUTINE RKG (PHILsAZ,X1,DXI,TI,TFy

CH(13), AB(3), XI1(3)
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NORTHROP SERVICES. INC. : M-1082

T 1 Dy » PAUE 13
SURROCUTINE RKG (PHIL,AZ,X1,DXI,TI,TF) -

BETA(4,3)=21./8, b 51
BETA(5,3)=-25,/16, D 52
BETA(5,4)==-BETA(5,3) D 53
BETA(6,4)=,25 L 54
BETA(7,4)3125./108. L 55
BETA(9,4)=-83./56, b 56
BFTA(10,4)=23,/108. D 57
BETA(11,4)2<341./164, b 58
BETA(13,4)=8ETACL1,4) L 59
BETA(6,5)=,2 L 60
BFTA(7,5)=2-65,/27, L6l
BETA(B,5)=61,/225, D 62
BETA(9,5)=704, /45, D 63
BETA(10,5)8~976./135, D 64
BETA(11,5)24496,/1025, b 65
BETA(13,5)=HETA(11,5) b 66
BETA(7,6)=2125,/54, v 67
BETA(B,6)=2-2,/9, D 68
BETA(9,6)=-107,/9, b 69
BFTA(10,6)=311, /54, b 70
BETA(11,6)=-301,/82, D 74
BETA(12,6)s<6./41. D 72
BETA(13,6)%-289,/R2, b 73
BETA(8,7)13./900. D 74
BETA(S,7)867,/90, b 75
BETA(IN,7?)==19,./60. D 76
BETA(11,7)=22133./4100, b 77
BETA(12,7)3-3./205. o 78
BETA(i3,7982193./4100. b 79
BETA(9,8)83, D 80
SETA(10.8)=317./6. U 81
BETA(11,8)345./82. D 82
BETA(12,8)5-3./41, L 83
BETA(13,8)s851./82. U 84
BETA(10,9)s-1,/12, D 85
BETA(11,9)=245, /164, b 86
BETA(12,9)=23,/41, u 87
BETA(13,9)238,/164. D 88
BETA(L1,10)=s18,/41. U 89
BETA(12,10)=6./41, L 90
BETA(13,10)=12, /41, uo 91
BETA(13,12)=1, b 92
CALL DEQ (X,TI,DX,AB,TI) L 93
TOL205E°06 Y 94
Tu=T1 D 95
CaLL RK713 ¢TO,7F,TOL,XsX»6,2000,M,BETA,ALPH,CH,T1,4AB) D 96
CALL DEQ €x,TF,DX,AB,TI) 97
U 40 1=1,3 D 98
Xi(i)ex(l) b 99

CAg UxitlysX(Tle3) D 100

E-28



NORTHROP SERVICES, INC. ; 1-1082

T 1 DY« o ‘ o ' PAGE 14
SURROUTINE RKG (PHIL,AZ,X1,DX],T1,TF) -

RETURKN L 101

END D 102°

E-29
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Suled 3 ' PAGE
SUBRCUTINE cONIC (RoVsAZ,PHI,AALAP,ENC, THTN, TH,E,P,A,ALFAD,RA,RP,C -

SUBROUTINE CUNIC (RyV,AZ,PHI,AALAP,ENC, THTN, TH,E,P, A, ALFAD,RALRP, ¢

18,PRIT)

UIMENSION W(3), R(3), RUC3), H(3), V(3), HU(3), THNV(3),
1QUESY, PUCSY, XI(3), T(3), Su(3), B(3), cU(I)

W(1)=SIN(PHI)
W(2)==COS(PHI)*SIN(AZ)
W(3)=COS(PHI)*Cps(AZ)

CaLt vuNIT (RULR)

CALL yCROSS (H,R,y)

CALL VUNIT (HU,H)

CALL VCROSS (THNV,H, W)

CALL VUNIT (THNU, THNY)

CALL VCROSS (Qu,Hu,RU)

CALL VECROSS (PU, THNU,HU)
GM=3,986031979E14
RM=SQRT(VDOT(R,R))
P=VDOT(H,H)/GM

RD=VDOT(V,RU)
A=GM*RM/ (2 ,*GM=RM«VDQOT(V,V))
TEST=(1,=P/A)

IF (TEST) 20,20,10
E=SQRT(TEST)

GO0 TO 30

E=0,0

CONTINUE

COSTH=(PsRM)/(E*RM)
SINTH=2(RD/E)Y*SQRT (P/GM)

Do 40 [=1,3
XI(I)=RU(I)«COSTH-QU(I)#SINTH
ALFAD= ARTANCVDUT(XI,PUY, VDOT(XT, THNU), 1)
TH=ARTAN(SINTH, COSTH, 1)

CALL VCROSS (Cu, HU, THNU)
PHII=ARTAN(VDOT<CU,RU),VD0T<THNU.RU>.1)
T¢1)=COS(PHI)
T(2)sSIN(AZY=SIN(PHI)
T(3)==COS(AZ)*SIN(PH])

Call VCROSS (Su,W,T)
THTN=ARTAN(VDOT(THNU.SU).VDOT(THNU.T)al)
Call VCROSS (R,W, THNU)
ENCEARTANC(VDOT(HU,B) ,VDOT(HU, W) ) w1 )
RE=6378166,

Cnv=1852,

C3=-GM/A

RA:A*(1.+E)

RP=A*‘1|5E)

AAs(RA=RE)/CnNy

APz (RP=-RE)/CNy

RETURN

END

THNU(3),
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S PAGE
SUBROUTINE GMAT ¢PHI,AZ1,THTN,ENC,G,PI) -

SUBRQUTINE GMAT (PHI,AZI,THTN,ENC,G,P1) o

DIMENS]ION AA(3,3), B(3,3), (3,3, D(3,3), TE(3,3), G6(3,3)
CALL MAROT (AA,AZI-P1/2,,1,1) , '

CALL MAROT (8,PHI, 3,1)

CALL MARQOT (C,THTN, 2, =1)

CALL MAMUL (G,B,AA)

CALL MAMUL (TE,C,G)

CALL mAMUL (6,D,TE)

RETURN

END

I R Y Y M
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Dy «
SUBROUTINE MAROT (A, ANGLE,K,L)

SUBROUTINE MAROT (A, ANGLE,K,L)
DIMENSION A4¢3,3), c(3,3)
SANG=S[N(ANGLE)
CANG=CUS(ANGLE)

Do 10 1=1,3

Do 10 J=1,3
A(I;J)=(i,
Mz(=3wKa*2411wKad) /2
Nz (S*Kex2-134Ks16)/2
ACK,Ky=1,0

A(M, My=CANG
A(N,Ny=CANG

ACM, N)Y=2SANG
A(N,M)==SANS

IF (L) 20.20.,50

Do 30 i=1,3%

D0 30 J=1,3
Celadr=Acd, 1)

DO 49 [=1,3

DO 40 ‘J'=103
A(I!J)=C(I'\J)

RE TURM

END
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DY =

FUNCTIGN ARTAN (SANG, CANG, ISW)
THIS SUBROUTINE USE THE SINE AND coSINE oF THE FUNCTION

FUNCTION ARTAN (SANG CANG ISW)

AND PILLACES THE ANGLE IN THE PROPER QUADRANT

IF 1SWwel THE ANGLE 1S PUT BETWEEN 0 AND 2 P]

IF 1SW=-1 THE ANGLE IS PUT BETWEEN - P] AND + Pl

P1=3,14159265

IF (SANG) 1,7.,10

IF (CANG) 2,3,4
ARTAN:-PI+ATAN<SANG/CANG)
Go T0 5

ARTANa-PI/Z.

Go T9 5
ARTAN=ATAN(SANG/CANG)
IF (IsW) 14,14,6
ARTAN= a.*PlﬁARTAN

GO TO 14

IF (CANG) 8,9,9
ARTAN=PI

GO TO 14

ARTAN=0|

GO Y0 14

IF (CANG) 11,12, 13
ARTAN:PI+ATAN(SANG/CANG)
Go TO 14

ARTAN=PI/2,

GO TO 14 ,
ARTANSATAN (SANG/CANG)
RETURN

( B L ANK

END

E 33
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Dy »

FUNCTION POLY (C,XaN)

FUNCTION POLY (C,X,N)
C IS THE COEFFICIENT ARRAY
X IS THE INDEPENDENT VARIABLE

N IS THE DEGREE OF THE POLYNOMIAL

DIMENS{ON Ct1)
PoLys=p,0

KzNe1l
POLY=C(K)+POLYwYX
KeK=1

IF (K.qT,0) 1n,20
RETURN

END
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SZOOrFORTRAN (3.0)/RTS
SUBROUTINE ECCV(GM, XP,XDP, TEMP
DIMENSION XP(S),XDP(3)aTEM91(3).TEMP2<3) TEMP3<3>
CALL VCRUSS (TEMP1,XP,XDP)
CALL VUNIT (TEMP2,XP) |
CALL VCROSS (TEMP3,TEMP1,XDP)
PO 360 1=1,3 -

TENMPL1(I)=-(TEMP2(I)+TEMPI(!)/GM)
RETUPN

END

FORTRAN DIAGNOSTIC RESULTS FOR ECCV

E-35
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Dy »
SUBROUTINE DEQ (X, T,DX,AB,T])

SUBRCUTINE DEQ (X,T,DX,AB,TI)

DIMENSION Xt¢6)y, DX(6), AB(3), XxDUM¢6), ACCO(3J)
GM=3,9860319E14

AA=,6378166E+07

FJ=1,62345E-03

FH=z=5,75E=06

Fp=7,875€E=04

Do 20 1=1,3

DX(1)sX(1+3)
R2=X(i)*X‘l)*X(?)*X(?)+X(3)*X(3)
R=SORT(R2)

Ri=1,./R

R21=1,/R2

BzAAwAA*RZ]

BR=AAwRI

Az (AB(l)ﬁX(l)*AB(?)*X(2)*AB(3)'X(3))*RI
A2z AwA

A4=A20A2

GR=Bw (FJw(l,=5, tA2)¢d.tFDt(1 /7.92.%A2+3, *A4)*B+FHﬁBB*At(3 -7 ,%A2)

1)

GP=Bw(2,*FJeA+dq, #FDeA* (3, /7.,5A2)*B+3 , #FH*BBw (A2-1,/5,

Do 30 I=1,3
DX(1+3)=2-GM#R2I#((1,+GR)«X(1)4RI+GP¥AR(1))
RETURN

END
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D Y » o
_ SUBROUTINE FATT (BBB,AAA)
SUBROUTINE FATT (RBRB,AAA)

DIMENS]ON BRB(3,3), AAA(3,3)

Do 10 (=1,3

Do 10 m=1,3

BBRB(L.M)=0,

Do 20 J=1,3

Do 20 1=1,3

BRB(J,1)=AAACT,.])

RETURK

END
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SUYROUTINE FATMU

SUBRQUTINE FATMU (EEE,AAA,DDD)
DIMENSION EEE(3), AAAC(3,3), DDD(JI)
Do 10 L=1,3

EEE(L)=d,

Do 20 I=4,3

Bo 20 J=1,3
EEE(IY=EEE(ID)+AAA(C]I,J)Y*DDD(J)
RETURN

END

(EEE,AAA,DDD)H
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I DY » ’ PAGE
"SUBROUTINE PRINT (T RI,VI,AZ, PH TULO) -

SUBROUTINE PRINT (T,RI, VI,AZ,PH,TULO)
DIMENSION RI(3), VI(3)
TULOIeTULO*T
TT="T ,
ICOR=p
10 HR=TT/3600,
IHR&aHR
XMIN=(TT~-IHR*3600.)/60.
MINaXMIN
SECaTT-IHR«3600,-MIN®60,
IF (ICOR-1) 20,30,30
20 PRINT 40, IHR,MIN,SEC
TT=2TULO!
ICOR=1
Go TO 19
3C PRINT 539, ]HR,MIN,SEC
CNV257,295779513
CALL CONIC (RI,Vv1,AZ,PH,AA,AP,ENC,THN,TH,E,P, AyALF,RA,RP,C3,PHII)
ENC1=CNCwCNy
“THN1=THN*CNy
THi8TH«CNV
ALFL=ALFwCNY
PHII1=zPHIIwCNYV
PRINT 62, T,RI,VI,AA,AP,RA,RP,P,A,E,C3,ENC1, THNl TH1,ALF1,PHII1
RETURN

40 FORMAT (2X,19H TIME FROM LIFT-0FF/5H HRS=,12,3X,5H MIN=,12,3X,5H S
1EC=,E15.87/)

50 FORMAT (2X,15H UNIVERSAL TIME/SH HRS-.Iz Sx 5H MINs, 12 3X,5H SEC=
1E15,8//7)

60 FORMAT (/3X,4HTIME,E15, 8/5x.2H X,E15,8,6X,1HY,E15.8,6X,14Z,E15.8,5
1X,2HXD,E15.8,5%,2HYD,F15,.8,5%X,2HZD,E15.8/4X,3H AA, E15.8,4X%X,3H AP,E
215.8,4X,3H4 RA,F15.8,4X,3H4 RP, F15,8.5%X,2H P,E15,8,2X,5H A,E15.8,
3/5X,2H E,E15.8,4X,3H C3,F15,8,4%,3HENC,E15.8,4X,3HTHN, E15.8,5X%X,2HT "
42 yELB.8,2X,5HALFAN,E15,8/7H PHII0EL15.8///)

ND

LTS ST A7 RYAN 27 ST XY ST HTRT AT AT R B AR ET R X AT I R AT AT R R R
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TI DY«

nN
few

«

SUHBRQUTINE FATML

SUBRGUTINE FATML (CCC,RRBEB, AAA)

DIMENGION CCC(3,3), BBB(3,3), AAA(Z

e 1 L=1,49
pgo 19
ccCel,nm
e 2¢
g 26
o 29
CcCel,d
RETURN
Enb

g
L LI
I~

X o— C
~ o1~ 0

1"

3> = = =
C i R

&

(1,J)+BRBCI,K)xAAA(K, )

<

(CCC,BBB,AAA)

»3)
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SUBROUTINE TIME (A,E,THA,THB,GM,RPI,TF)

SUBROUTINE TIME (A,E,THA,THB,GM,PI,TF)

THIS SUBROUTINE DETERMINES THE KEPLERIAN TIME OF FLIGHT
BETWEEN TWO POSITIONS ON AN ELLPTICAL ORBIT ‘

DIMENS]ION TH(2), SINE(2), COSE(2), ECA(2), XM(2)
TH(1)=THA

TH(2)=THB

DO 10 I=1,2 _ L
SINE(I)=S0RT(1,<Ewa2)*SINCTH(I))/(1.+E*COS(TH(])))
COSE(1)=(E+COS(TH(I)))/(1,+E+CAS(TH(])))
ECACI)Y=ARTAN(SINE(I),COSE(]),1)
XM(1)=ECACI)Y-ExSIN(ECA(1))

XMTReXM(2)

ET1=ECA(1)

ET2=ECA(2) .

T=SQRT(A**3/GM)

TFA=TexM(1)

TFB=TexM(2)

IF (TFB=TFAY 20,30,30
TFB=TFE+2,wP[aT
TF=TFR=-TFA

RETURN

END
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3200 FORTRAN

SUBROUTINE RANGA(y OMEC HIT)
SRR TaNE rEnps (SX tERPENES

CALL VCROSS (TEMP1,XT,XDT)

CALL VCRNSS (TEMP2,TEMP1,XOMEGA)

CALL VCROSS (TEMP3,TEMP1, TEMP2)
RRT=VMAG(XT)

SINPHT=VDOT(TEMPI, XT)/(VMAG(TEMP3)*RRT)
COSPHT=VDOT(TEMP2,XT)/(VMAG(TEMP2)*RRT)
PHIT=ARTAN(SINPHT,COSPHT,1)

RETURN

END

FORTRAN DIAGNOSTIc RESULTS FOR

E-42
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3200 FORTRAN (3.0)/RTS

\ hE
SYNEONTERE BRYE b8 TENR T M empa (), TEMP3(3)
EP=VMAJ(T:MP1)

RMPzymMAG(XP)

CALL VCROSS (TEMP2,XDP,XP)

CALL VCRNSS (TEMP3, TEMP1, TEMPD)
COSPTA=VDOT(TEMP1,XP)/(EP+RMP)
SINPTAzVDOT(TEMPE, XP)/(VMAG(TFMP3)*RMP)
PTAZARTAN(S[NPTA,COSPTA, )

UETUH“

END

FORTRAN DIAGNOSTIC RgSULTS FOR TRUE

, - E-43
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